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ACCELERATION CONTROL 


The acceleration-control positions the spill 
valve to control the spill flow from the 
burners, thereby limiting the flow to the 
engine to a pre-determined amount. Over- 
heating and compressor surge is thereby 
averted at all altitudes. 
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NOTICES 


THE FORMATION OF GROUPS WITHIN THE SOCIETY 
The Council has agreed to the formation within the 
society of Groups to cover small specialised fields of 
jeronautics. The rules governing these Groups, which are 
io be something less than a Section, are as follows :— 


|, A Group shall consist of not less than 15 members 

of the Society who wish to meet from time to time to 

discuss or study any specialised field of aeronautics 
covered by the Charter of the Society. 

The Council may form a Group to foster a specified 

activity of the Society or may approve a request to 

form such a Group, if the request is supported by 
not less than 10 members of the Society. 

3. The aims of each proposed Group to be stated by the 
supporters in an application for its formation. 

4, Each proposal for the formation of a Group must be 
accompanied by details of the methods to be employed 
in furthering the aims of the Group, whether by 
lectures, discussions, working parties or any other 
method. 


- § Details of any possible financial commitments must be 


given at the time the proposal to form a Group is 
made. Any expenditure on behalf of the Group must 
be approved by the Council. 

6. The administration of each Group shall be done by the 
Secretary of the Society and such administrative assis- 
tance must be indicated with the proposal to form a 
Group. 

7. There shall be no representation of any Group on the 
Council; any matters for consideration of the Council 
shall be brought forward by the Secretary. 

§, Each Group shall report to Council annually. 

9 The Council of the Society shall have the power, at 
any time, to discontinue any Group if, for any reason, 
it is thought that there is no longer any need for it. 


Honours AWARDED TO MEMBERS 
Dr. THEODORE VON KARMAN (Honorary Fellow) has 


_ been awarded a Timoshenko Medal by the American 


Society of Mechanical Engineers for “his contribution to 
the mechanics of fluids and solids, particularly those lead- 
ing to major advancements in aeronautics.” 

Sir GEOFFREY TAYLOR (Honorary Fellow) has been 
awarded a Timoshenko Medal by the American Society 
of Mechanical Engineers for outstanding work in the 
technical field of applied mechanics. He has also been 
awarded the Modesto Panetti Prize of the Turin Academy 
of Sciences for his work on aerodynamics. Sir Geoffrey 
bid formerly Yarrow Research Professor of the Royal 

iety. 

Dr. HuGH L. DrypeN (Honorary Fellow) has been 
awarded the Rice Memorial Medal by the American 
Ordnance Association for contributions in missile work. 
Dr. Dryden is Deputy Director of N.A.S.A. 


ACKNOWLEDGMENTS 

The Council wish to thank H. Grenville Moss, Esq., 
Beira, Angmering-on-Sea, for two photographs of the Cody 
Kite flying, which recently appeared in The Observer. 

Due to the generosity of the Delegates of the Clarendon 
Press, the Library now has a copy of the third edition 
(revised with addenda) of The Shorter Oxford English 
Dictionary. Revision is now being made of the full 
dictionary and an announcement, of interest to members, 
i connection with this revision will shortly be published. 

As a result of a paragraph in The Manchester Guardian 
mentioning the Society's interest in old material, the 
Library has received a snapshot of “ First Flight of a 
Valkyrie June 13 1910” and endorsed “The Aeronautical 
Syndicate Ltd., Collindale Avenue, Hendon.” This machine 
Was powered by a 35 h.p. Green engine and was owned by 
Mr. H. Barber. 


JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY = 


The President, Sir Arnold Hall, the Council and Staff of 
the Society wish all members at home and overseas a happy 
Christmas. 


CHRISTMAS HOLIDAYS 
The Library and Offices of the Society will be closed 
for the Christmas Holiday from 5 p.m. on Wednesday 24th 
December until 9 a.m. on Monday 29th December. 


THE LIBRARY 
The Library will also be closed from 16th to 19th 
December during the Associate Fellowship Examination. 


GUIDED FLIGHT SECTION 
The Guided Flight Section Committee for the year 

1958-59, announced at the Annual General Meeting of 
the Section which was held on 16th September, is as 
follows :— 

Dr. G. W. H. Gardner (Chairman) 

Mr. A. D. Baxter 

Mr. A. V. Cleaver 

Mr. J. E. P. Dunning 

Mr. D. J. Farrar 

Mr. H. H. Gardner 

Mr. S. Scott Hall 

Mr. W. H. Stephens 


Among the suggestions made at the Annual General 
Meeting for the future guidance of the Committee were 
the following : — 

That informal discussion evenings be held and that in- 
formal lectures be given either for discussion of specialised 
topics or aimed at providing basic information. Specific 
subjects suggested for these discussion evenings, of either 
type were:— The work of physicists in the Guided Flight 
field; the work of missile flight trials crews; guided flight 
and space flight—the points of contact and the relationship 
between these matters; fundamental aspects of electronics: 
fundamental aspects of guidance; fundamental aspects of 
gyroscopes: problems arising in the use of servo- 
mechanisms; navigational systems (e.g. “ star-tracking ”’); 
terminology; a discussion between airframe and electronic 
specialists on some subject of common concern; an 
educational lecture on theory and present practical status 
of such systems as those for plasma and ion propulsion. 

It was agreed that the Guided Flight Section was inter- 
ested in matters which came under the heading of 
“Astronautics” and that no difference was seen between 
“Guided Flight” as had been interpreted during the first 
year of the Section’s existence and the technical aspects of 
what had become known as “Space Flight”. The Section 
Committee were asked to see how far the Section could 
go in developing technical activities in these matters. 


MEMORIAL PRIZE 
The Elliott Memorial prize has been awarded to 
Sergeant Apprentice Perry and to Sergeant Apprentice 
Pirie. 


MINISTRY OF EDUCATION WHITWORTH FOUNDATION 
AWARDS 

The Ministry offers three Whitworth Fellowships, 
normally tenable for two years for courses of training, 
study or research. The value will be £500 a year with 
supplements for dependants and travelling if applicable. 
Six prizes of £50 are also offered for work deserving 
recognition, to be spent on further engineering education. 

Applicants must be British subjects and not have 
previously held a Fellowship or a Senior Whitworth 
Scholarship. Enquiries and application forms from The 
Secretary, Ministry of Education (F.E.1(C)), Curzon Street, 
London W.1. Applications must returned by 
14th January 1959. 
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THE PuysIcaL SociETY EXHIBITION 1959 


The Physical Society Exhibition of Scientific Instruments 
and Apparatus will be held at the Royal Horticultural 
Society's Old and New Halls, Westminster, London S.W.1, 
from 19th to 22nd January 1959. Special admission tickets 
are available to members for the Physical Society’s 
Members’ morning, 19th January. 

Demonstration-Lectures will be given on 19th, 20th 
and 2lst January. Further detaiis can be obtained from 
The Exhibition Secretary, 1 Lowther Gardens, Prince 
Consort Road, London S.W.7. 


ADVANCED ENGINEERING COURSE 


A three-week full time course on Mechanical Engineer- 
ing will be held at the Imperial College of Science and 
Technology from 5th January 1959. Emphasis will be on 
the application of basic theory to engineering problems, 
such as vibration and noise reduction and anti-shock 
mountings. The theory and practice of dynamic measure- 
ment and stress waves in solids will be treated in detail. 
The fee will be 25 guineas. Further particulars and enrol- 
ment forms from the Deputy Registrar, Imperial College of 
Science and Technology, Exhibition Road, London S.W.7. 


MonD NICKEL FELLOWSHIPS 


The Mond Nickel Fellowships Committee invite 
applications for Fellowships of approximately £900 to 
£1,200 for 1959. Applicants must be of British nationality 
with degree or equivalent qualifications. Each Fellowship 
will cover one working year, and will be awarded to 
enable successful candidates to obtain experience to make 
them more suitable for future employment in British 
Metallurgical Industries. Particulars and application forms 
from The Secretary, Mond Nickel Fellowships Committee, 
4 Grosvenor Gardens, London, S.W.1. 


DIARY 


LONDON 


15th December 
All Day Discussion on Hypersonic Flow. Introductory 
papers will be read by: R. J. Monaghan, Professor M. J. 
Lighthill, R. N. Cox, K. W. Mangler, L. F. Crabtree, Dr. 
D. W. Holder, J. A. Shercliff and T. R. F. Nonweiler. 
The Institution of Mechanical Engineers, Birdcage Walk, 
London, S.W.1. 9.45 a.m. Admission by ticket only. 

17h December 
LecTuRE*—Drone Aircraft. H. G. Conway. The Insti- 
tution of Civil Engineers, Great George Street, S.W.1. 
6 p.m. (Tea at 5.30 p.m.) Note change of Date. 

18th December 
MaIN LeEcturE—Air Traffic Control Over the North 
Atlantic. E. W. Pike. Institution of Mechanical Engin- 
eers, Birdcage Walk, S.W.1. 6 p.m. (Tea at 5.30 p.m.) 

6th January 1959 
YOUNG PEoPLE’s LEcTURE—Rocket Flight in Space. Dr. 
L. R. Shepherd. The Royal Society of Arts, 6 John Adam 
Street, W.C.2. 3 p.m. 

8th January 
Main LecTurE—Safe Mechanisms. R. Hafner. The 
Institution of Mechanical Engineers, Birdcage Walk, S.W.1. 
6 p.m. (Tea at 5.30 p.m.) 

13th January 
LecturE—Stress Corrosion—The Engineer’s View. P. H. 
Wall. Library, 4 Hamilton Place. 7 p.m. 

* Arranged by the Committee of the Guided Flight Section. 


BRANCHES 
11th December 
Cambridge—Voyage to Virginia. 
Lecture Theatre, Cambridge 


W. Courtnay. No. 1 
University Engineering 


Laboratories. 8.15 p.m. 


Isle of Wight—Annual General Meeting and Film Show ; 


Saunders-Roe Sports and Social Club, Church Path 
E. Cowes. 6 p.m. 
12th December 
Belfast—Annual Dance. Midland Hotel, Belfast. 
15th December 
Henlow—Medical Aspects of High Speed and Space Flight, | 


Wing Cmdr. W. A. Crawford. Building 62, R.A.F. Tech. ° 


nical College. 7.30 p.m. 
17th December 
Southend—Film Show. Labour Hall. 
18th December 
Reading—Servicing of Civil Aircraft. J. Gregory. Wester 
Manufacturing (Reading) Ltd. 6.15 p.m. (This lecture wa; 
to have been on 10th December). 
19th December 
Weybridge—Annual Dance. 
Ist January 1959 
Belfast—Bird Flight. J. Barlee. Lecture Hall LG8, David 
Keir Building, The Queen’s University. 7 p.m. 
Sth January 
Derby—Annual General Meeting and Ten-Minute Papers, 
Rolls-Royce Welfare Hall, Nightingale Road. 6.15 p.m. 
6th January 
London Airport--Film Show. 


7.30 p.m. 


B.E.A. Viking Centre 


Cinema, L.A.P. 6 p.m. 


Luton—Flight Testing of Modern Prototype Aircraft. C. F. 


Bethwaite. 
6.15 p.m. 
7th January 

Bristol—Brains Trust. Filton House. 6 p.m. 
Brough—The Tyne Turbo-Propeller Engine. D. McLean, 
Lecture Hall, Electricity Offices, Ferensway, Hull. 7.30 p.m. 
Hatfield—Social Evening. de Havilland Restaurant. 6.16 
p.m. 


Napier Senior Staff Canteen, Luton Airport, 


Reading—Interplanetary Flight. J. E. Simpson. Palmer 
Hall, West Street. 7.30 p.m. 
Southampton—-Modern Aircraft Maintenance Procedure 


and Techniques. A. G. Nunn. Institute of Education, 
University of Southampton. 8 p.m. 
Weybridge—Brains Trust. Apprentice Training School, 
Vickers-Armstrongs (Aircraft) Ltd. 6.10 p.m. 

8th January 
Cheltenham—Guidance and Control. L. 
Mary's College, St. George’s Place, Cheltenham. 7.30 p.m. 
Isle of Wight—The Work of an Air Correspondent. Angus 
Macpherson. Clubhouse, Saunders-Roe Sports and Social 
Club, Church Path, E. Cowes. 6 p.m. 
Swindon—Annual General Meeting and Test Flying. L. R. 
Colquhoun. The College, Victoria Road. 7 p.m. 

9th January 
Preston Annual Dinner Dance. Imperial Hotel, Blackpool. 

12th January 
Henlow—Vertical Take-Off and Landing. D. Keith-Lucas. 
Building 62, R.A.F. Technical College. 7.30 p.m. 

13th January 
Boscombe Down—Experiences on the Trans-Antarctic 
Expedition, Sq. Ldr. J. H. Lewis. Lecture Hall, A. & A.E.E. 
5.45 p.m. 

14th January 
Brough— Young People’s Christmas Lecture. Newland High 
School, Cottingham Road, Hull. Afternoon. 
Chester—-Development of the Civil Avon Engine. Lecture 
Theatre, Grosvenor Museum. 7.30 p.m. 
Christchurch——The Rotodyne. Dr. G. S. Hislop. King’s 
Arms Hotel. 7.30 p.m. 
Manchester—Nuclear Reactors for Power Production. 
T. M. Greenlees. Reynolds Hall, College of Technology. 
7.30 p.m. 

15th January 
Glasgow--Graduates’ and Students’ Section—-Question 
Night and Film Show. Engineering Department, University 
of Glasgow. 7.30 p.m. 


H. Bedford. St. | 
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16th January 
Cambridge— Lecture by Dr. N. A. de Bruyne. No. 1 Lecture 
Theatre, Cambridge University Engineering Laboratories. 
8.15 p.m. 

January 
Luton—Junior Paper Evening. Napier Senior Staff Canteen, 
Luton Airport. 6.15 p.m. 

January 
Bristol—Guided Missiles (1). Filton House. 6 p.m. 
Isle of Wight--Nuclear Propulsion of Aircraft. J. V. 
Dunworth. Clubhouse, Saunders-Roe Sports and Social 
Club, Church Path, E. Cowes. 6 p.m. 
Southend—-Modern Aircraft Preduction Methods. Labour 
Hall, Boston Avenue. 7.30 p.m. 

26th January 
Halton—The Beverley in Service. Gp. Cpt. F. C. Griffiths. 
Branch H.Q., R.A.F. Halton. 6.45 p.m. 


News oF MEMBERS 

J. W. BaumMBERG (Graduate) formerly with the Fairey 
Aviation Company (Canada) Ltd. is now an Engineer 
Officer with the R.C.A.F. at Aylmer, Ontario. ae 

A. D. BAXTER (Fellow) Chief Executive Rocket Division 
and Nuclear Power Group, de Havilland Engine Co. Ltd., 
has been elected to the Board of Directors. ’ 

Eric M. BELL (Associate) formerly a Liaison Engineer 
with Vickers-Armstrongs (Aircraft) Ltd. is now a Design 
Engineer with Convair at San Diego, California. 

R. E. BisHop (Fellow) formerly Design Director, de 
Havilland Aircraft Co. Ltd.. has been appointed Deputy 
Managing Director. 

A. G. R. BriGcut (Graduate) formerly with the de 
Havilland Aircraft Co. Ltd., as a Project Performance 
Engineer is now with The Canadian Pratt and Whitney 
Aircraft Company Ltd. in a similar post. 

Flight Lieutenant L. J. Bristow (Associate Fellow) has 
been posted to the Air Ministry for duty in the department 
of the A.C.A.S.(1) of the Guided Weapons Course at the 
R.A.F. Technical College, Henlow. 

R. W. BuNnbock (Associate Fellow) has transferred, 
within the Commonwealth Public Service, to the Civilian 
Staff of the Air Research and Development Unit, R.A.A.F., 
asa Scientific Officer, Grade 3. 

R. M. CLARKSON (Fellow) has been appointed Research 
Director, de Havilland Aircraft Co. Ltd. 

Group Captain P. CLEAVER (Associate Fellow) has 
changed his appointment within the Headquariers of the 
Far East Air Force to Command Engineer Officer, and 
has been granted the acting rank of Group Captain. 

PHitip J. Coates (Graduate) formerly an Engineer 
with the English Electric Company, Aircraft Division, is 
now a Senior Scientific Officer with the British Transport 
Commission Research Department at Derby. 

W. A. Cook (Associate) formerly Works Manager, 
Overhaul and Sale of Aircraft and Engine Components 
Ltd. is now an Inspector with Hunting Engineering Ltd.. 
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M. T. CorBen (Associate Fellow) of Smiths Aircraft 
Instruments Ltd., Technical Services Department, is now 
Area Representative for the Caribbean Area and Central 
and South America. 

Air Commodore C. L. DANN (Fellow) has been 
2 a Director of Irving Air Chute of Great Britain 
td. 


Wing Commander I. J. DE LA PLAIN (Associate Fellow) 
has been posted from Directing Staff Duties at the R.A.F. 
Staff College, to be Officer Commanding Technical Wing 
atR.A.F., Laarbruch. 

Wing Commander K. J. B. DUNLOP (Associate Fellow) 
has been posted from R.A.F., Wildenrath, Germany, to 
R.A.F., Dishforth, where he is Senior Technical Officer. 

B. C. Durra (Associate Fellow) formerly a Design 
Engineer in the Aero Gas Turbine Division, D. Napier and 
Son Ltd., has been appointed Superintendent in the Engine 
Division of Hindustan Aircraft Ltd., Bangalore. 


J. FINDLAY (Associate) formerly Head of the Aviation 
Department of United British Oilfields of Trinidad Ltd., is 
now serving as a Captain with Shell Aircraft Ltd., on Heron 
aircraft and based in London. 

N. B. FISHER (Student) has left the de Havilland 
Aircraft Co. Ltd., and is now with the Guided Weapons 
Division, English Electric Co. Ltd. as a Junior Draughts- 
man. 

T. E. Forp (Associate Fellow) formerly Stressman in 
the London Office of the Bristol Aeroplane Co. Ltd. is now 
in the Stress Office of Handley Page Ltd., Cricklewood. 

Squadron Leader W. H. N. Gipsy (Associate Fellow) 
has left A.M.D.D. Eng. Plans, and is now Senior Technical 
Officer at R.A.F., Kemble. 

A. L. GILDER (Associate) formerly an Engineering 
Instructor with British European Airways has been 
appointed Aircraft Servicing Development Engineer in the 
Project and Development Branch of B.E.A. Engineering 
Department at the Engineering Base, London Airport. 

G. GRINSTED (Associate Fellow) has returned from the 
British Joint Services Mission in Washington and is now 
working in the Guided Weapons Department, Royal Air- 
craft Establishment. 

P. F. L. HALL (Associate Fellow) formerly of the Aero- 
dynamics Department, de Havilland Aircraft Company, 
has been appointed Technical Sales Manager. 

P. A. HEARNE (Associate Fellow), formerly Helicopter 
Project Engineer with B.E.A., has been appointed Sales 
Manager of British Oxygen Aro Equipment Ltd., the 
aircraft equipment manufacturing group of the British 
Oxygen Company. 

Squadron Leader L. C. James (Associate Fellow) 
formerly Officer Commanding Engineering Squadron, 
R.A.F., St. Maugan, is now Senior Technical Officer, No. 3 
Maintenance Unit, R.A.F., Milton. 

Squadron Leader A. H. JONES (Associate) formerly 
T.S.Pol.4(d) is now Senior Engineer Officer, R.A.F., Laar- 
bruch. 

J. Lewis (Associate Fellow) formerly Lecturer in 
Mechanical Engineering at The College of Further Educa- 
tion, Kidderminster, is now a Lecturer at the Bristol College 
of Technology. 

J. H. Lonpon (Associate Fellow) formerly with the 
Lockheed Aircraft Corporation at Burbank is now a 
Structures Engineer with the Lockheed Missile Division 
(Research and Development) at Sunnyvale, California. 

Squadron Leader J. E. Loxton (Associate) has 
been posted from the Technical Staff of H.Q., Transport 
Command to the Mechanical Engineering Department of 
the Royal Aircraft Establishment. 

Monroe A. MALLER (Associate Fellow) formerly of 
Avien Inc.. New York, has recently joined Texas 
Instruments Inc. in Dallas, Texas, as a member of the 
International Marketing Staff. 

A. D. J. MARTIN (Associate) of Dowty Fuel Systems has 
been transferred from the de Havilland Aircraft Co.., 
Chester to the Blackburn and General Aircraft Co. Ltd.. 
Brough, where he is a Service Engineer (Engine Fuel 
Systems) for the NA.39 aircraft. 

HERBERT A. MATHER (Associate Fellow) has been trans- 
ferred from the A. & A.E.E., Boscombe Down to the Royal 
Ordnance Factory, Chorley. 

Air Vice-Marshal M. E. M. PERKINS (Associate Fellow) 
has been posted to be Senior Technical Staff Officer at 
Headquarters Bomber Command, High Wycombe, Bucks. 

G. E. D. Prosser (Graduate) has completed his Post- 
Graduate Apprenticeship with the de Havilland Engine 
Co. Ltd., and obtained a post in the Combustion Research 
Section of the Halford Laboratory of the Company. 

Group Captain H. M. RusseELt (Associate Fellow) has 
left the Ministry of Supply and has been appointed Senior 
Technical Officer, Second Tactical Air Force, with the 
acting rank of Air Commodore. 

Dr. S. SMOLENIEC (Associate Fellow) formerly Senior 
Lecturer in Thermodynamics, University of Queensland, 
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Brisbane, has taken up an appointment as Professor and 
Head of the Mechanical Engineering Department in the 
University of the Witwatersrand, Johannesburg. 

Squadron Leader J. P. SPILLANE (Associate Fellow) has 
been moved from the Air Ministry to Headquarters, 
Bomber Command for Technical Stafi Duties. 

J. C. STANTON (Graduate) formerly with the Fairey 
Aviation Co., as a Stressman, is now at the Atomic 
Weapons Research Establishment, as Engineer, Grade III. 

JERZY TERAJEWICZ (Associate Fellow) formerly Senior 
Aerodynamics Engineer at the Georgia Division of Lock- 
heed Airplane Co. is now a Specialist in the Operational 
Engineering Division of American Airlines Inc. 

J. R. THIRKETTLE (Associate Fellow) is now with the 
Overseas Sales Department, Nord-Aviation, Chatillon-sous- 
Bagneux, Seine, France. 

M. P. Tuomas (Graduate) formerly Technical Assistant 
in the Structures Design Office, Bristol Aeroplane Co. Ltd., 
is now employed as an Engineer in the Stress Analysis and 
Strength of Materials Section at the Mechanical Engineer- 
ing Laboratory, English Electric Co. Ltd., Whetstone. 

Flight Lieutenant ALAN B. THOMPSON (Associate 
Fellow) has taken up a new appointment on No. 4 Joint 
Services Trials Unit with A. V. Roe and Co. Ltd., at 
Woodford, Cheshire. 

D. G. Twist (Graduate) has been awarded his Diploma 
from the College of Aeronautics, Cranfield, specialising in 
Aircraft Propulsion and is now employed as a Technician 
with the Weapons Division of A. V. Roe and Co. Ltd. 

I. F. WATSON (Graduate) has left Rolls-Royce Ltd. and 
is now with Wilkinson Sword Ltd. as a Development 
Engineer on the Graviner airborne fire protection equip- 
ment. 

ALAN WILDING (Associate Fellow) has left Vickers- 
Armstrongs (Aircraft) Ltd., Swindon and has taken a 
Commission in the Royal Air Force. He is now Lecturing 
in Theory of Aircraft Structures in the Mechanical 
Engineering Wing of the R.A.F. Technical College, 
Henlow. 

C. T. Wirkins (Fellow) formerly Chief Designer, 
Hatfield, of the de Havilland Aircraft Co. Ltd., has been 
appointed Chief Designer of the Company and elected to 
the Board of Directors. 

A. WILLIAMS (Associate Fellow) formerly Power Plant 
Installation Engineer at A. V. Roe and Co., Chadderton, 
is now a Lecturer in Mechanical Engineering at the 
University of Manchester. 

J. WoopHousE (Associate Fellow) has been appointed 
Deputy Principal, Hedley S. Crabtree and Co. Ltd. 

Flight Lieutenant E. S. F. WriGut (Associate Fellow) 
although a Student at the College of Aeronautics, Cranfield, 
is still serving in the Royal Air Force. 


ELECTIONS 


The following is a list of new members and transfers 
of membership of the Society. 


Associate Fellows 


Alan Thomas 
Clifford John Turner 
(from Associate) 


Associates 


Eric George Abbott 
Samuel Bhagwansingh 
Henry Charles Bowell 
Walter Brunn 
Frederick Thomas Dix 
John Warren Gillespie 
Michael Ignatius Hanley 
Francis Caswell Hydes 
Arthur Robert Manvell 
Bernard William Martin 
Ronald Sidney Walter 
Maskell 
Derek Henry Michel 


Graduates 


Alastair William Rodney 
Allcock (from Student) 
Frank William Armstrong 
David Brailsford 
Neil Richard Craddock 
John David Earnshaw 
Jeffrey Green 
(from Student) 
Ralph Alan Jackson 
Maxwell Brian Kelly 
(from Student) 
Srinivasan Krishnamurthy 
Alan John Lowery 
George McCurdy 
Donald Mather 
Ronald Montgomery 


Students 


Anthony Peter Harry 
Bamford 

Brian Moffett Blair 

Colin Michael Brown 

Brian Richard Thomas 


affyn 
Boguslaw Chojnowski 
Timothy James Douglass 
Thomas Daniel Feldberg 
Alan Foster 
Roger Kenneth Gibson 
William Robert Gilbert 
Barry Grandage 
John Edward Alfred 
Graves 
Kenneth Robertson Grout 
Tan Rae Callender Harris 
Neil Duncan Hatfield 
Jeremy Guy Hewitson 
Barry George Hunt 


Companion 


Ved Prakash Arora 


Ian Frederick Watson 
(from Graduate) 

Mulakala Yoganandam 
(from Companion) 


George Albert Nunn 
William Charles Pay 
Harold William Rabbitts 
Brian Edwin Rowed 
(from Student) 
Cedric Philip Sharp 
George Watson Smith 
(from Student) 
Gerald Breakspere 
Stockman 
David Percy Walton 
Cyril James Whitehead 
(from Student) 


John Michael Mortimer 
(from Student) 
Donald Early Ordway 
Tralford James Packer 
Melvin William Pennell 
David Roy Rees 
Achoth Payyan Revi 
(from Student) 
William McLeod Ross 
David Ngan Soo 
Robert Brian Terry 
Kenneth Frederick Topp 
(from Student) 
Frank William Travis 
John Philip Harrison 
Webber (from Student) 


Peter Charles Frederick 
Linstead 
Graham Stanley Lobb 
Kenneth Long 
Christopher Nelson March 
Alexander Franz Metherell 
David Nichols 
Kenneth Morrison Nicoll 
Derek Charles Pelling 
Peter Adrain Sedgwick 
Gordon John Shorey 
Colin Lewis Short 
Anton Hugh Singarayer 
George Robin Sleight 
Geoffrey Lawrence Southall 
Colin Anthony Speller 
Danilo Stephens 
David Robert Topham 
Michael Raymond Webber 
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Edward Clifford Cornford 
Graham Arthur Cropper 
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Owen Glynn Davies 
John Elliott 
Peter Finding 
William Dennis Goodwin 
William Burton Green 
Mary Howard 
(from Associate) 
Walter Harold Jones 
Baljit Krishna Kapur 


Basil Thomas Lewis 
(from Graduate) 
John Dudley Lewis 
(from Graduate) 
William Weir Lewis 
(from Graduate) 
William Oats Meckley 
Donald Blan Minterne 
(from Graduate) 
John Lewis Reddaway 
(from Graduate) 
James Satchell 
(from Associate) 
Robert Loosemore Scotland 
(from Graduate) 
Harold William Shaw 
James Cleave Simmons 
(from Graduate) 
Raymond Clive Tear 
(from Graduate) 
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DECEMBER 1958 


The Fourteenth British Commonwealth Lecture 


' The Canadian Approach to All-Weather 


Interceptor Development 
by 
J. C. FLOYD, A.M.C.T., P.Eng., F.C.A.L, M.LA.S., F.R.Ae.S. 


(Vice-President, Engineering, Avro Aircraft Limited, Canada) 


The Fourteenth British Commonwealth Lecture, “‘ The Canadian Approach to All-Weather 
Interceptor Development,” by Mr. J. C. Floyd, A.M.C.T., P.Eng., F.C.A.I., M.I.A.S., F.R.Ae.S., 
was given on the 9th October 1958 at the Royal Institution, Albemarle Street, London, W.1. 
The Chair was taken by Dr. E. S. Moult, C.B.E., Ph.D., B.Sc., F.R.Ae.S., Vice-President of 
the Society, deputising for the President, Sir Arnold Hall, M.A., F.R.S., F.R.Ae.S., who was ill. 

Dr. Moult first read a telegram from the President and then introduced the Lecturer, a 
distinguished Canadian engineer, for this Fourteenth Commonwealth Lecture. Mr. Floyd 
joined A. V. Roe and Co. Ltd., at Manchester, as an apprentice in 1929, progressing through 
the design and production offices to become Chief Projects Engineer in 1944. Immediately 
after the War he joined A. V. Roe Canada Ltd., at first as Chief Technical Officer, becoming 
Chief Design Engineer in 1949, Works Manager 1951, and Chief Engineer in 1952. He is now 
Vice-President, Engineering, Avro Aircraft Ltd. Mr. Floyd became a naturalised Canadian 
in 1950 and in the same year was the first non-American to receive the Wright Brothers 
Medal, which was awarded for his contributions to aeronautics, including his design of 
the Avro Jetliner. More recently, he had been known for his work on the Avro CF-100 

interceptor and for the Avro Arrow, which made its first flight in March 1958. 


NUMBER 576 


Introduction 

In preparing this lecture I was conscious of the 
fact that there were many phases of the development of 
a modern fighter which I had not covered, and which 
would possibly be of greater interest to the specialists 
on that particular subject than those that I did include. 
To them I offer my apologies, however, this lecture is 
not intended to be a handbook or reference on the 
design of all-weather fighter aircraft, but was prepared 
more or less as a chronicle of the main events leading 
up to the current development flying of Canada’s new- 
est defence weapon system, the supersonic all-weather 
CF-105, or Avro Arrow, and its associated equipment 
and environment (Fig. 1). 

Within the limits of security I have tried to give a 
broad-brush picture of some of the philosophy behind 
the establishment of the Weapon System, and deal also 
in the broad sense with many of the design and develop- 
ment problems encountered in a project of this magni- 
tude. Security precludes the disclosure of actual 
detailed performance, either specified or achieved on 
the Arrow up to the present time and also prevents the 
quotation of some of the results of tests described in 
the text. 


R.C.A.F. Requirements 

Canada’s chosen role in military air power is one of 
defence, and Canada does not maintain any bombing 
or tactical Air Force. 


845 


Environmentally, while geographic proximity to the 
United States obviously influences the choice of systems 
and armament to ensure reasonable compatibility with 
the complex U.S.A.F. North American defence system, 
and the traditional association with the R.A.F. in the 
United Kingdom again influences the basic establish- 
ment and strength of the R.C.A.F., there are unique 
requirements and conditions in maintaining an adequate 
air defensive system in Canada which have led the 
R.C.A.F. to establish the requirement for an aircraft 
particularly suited to these conditions. 

Canada’s northern frontier is a vast unpopulated ex- 
panse which, from coast to coast, is second in length 
only to that of Soviet Russia. Air defence bases are, 
of necessity, few and far between. Defensive interceptors 
must be capable of long range operation by day or by 
night, in any weather. The climate is anything but 
temperate, varying from near tropical conditions to 
sub zero temperatures, and fighters must have a very 
high reliabiity in this relatively abnormal environment. 

Since Northern Canada is the first line of defence 
for the North American continent, our aircraft must be 
equipped with an automatic fire control system which 
will ensure the maximum probability of kill on the 
first pass, and the most potent airborne weapons 
available. 


Canada learned a hard lesson in the Second World 
War, when she depended upon other sources for her 
front line aircraft. To quote the Chief of Air Staff at 
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the time of decision to proceed with the “ home brew ”: 
“In the early days of the fighting, Canadian squadrons 
operating overseas were low on the list for equipping 
with the latest types, and on one occasion, even 
Canadian-built Hurricanes, sorely needed by home- 
based squadrons to meet a Japanese threat in the 
Aleutians, were allocated to Russia.” 

In a sense, this is quite understandable, since it is 
like expecting a neighbour, in the middle of a fire in 
his own house, to hand over one of his insufficient 
number of fire extinguishers so that you may prevent 
fire spreading to yours. However, it gave Canada a 
“loneliness complex,” the cure for which I believe has 
turned out very well. 

When, in 1946, the R.C.A.F. made the decision to 
re-equip its front line fighter squadrons with a two- 
place twin-engined day and night all-weather interceptor 
with a particularly long range capability, a team of 
R.C.A.F. officers visited aircraft factories in the United 
Kingdom and the United States to ascertain whether 
there was an aircraft on the drawing boards which was 
likely to fill their requirement. Apparently there was 
not, and they persuaded the Canadian Government to 
take the momentous step of financing the design and 
development of a suitable aircraft in Canada. The 
CF-100 all-weather fighter was the result. 

The outcome of this joint decision must be judged 
on the basis that, in addition to being the standard 
Canadian all-weather fighter for many years, the CF-100 
is now in service with the R.C.A.F. Air Division in 
N.A.T.O., and was recently chosen in keen competition 
with other available types to re-equip the Belgian Air 
Force. The R.C.A.F. CF-100 squadrons are also now 
an integral part of the North American Air Defence 
System under NORAD. 

In the autumn of 1952, the R.C.A.F. decided that 
because of the increase in the threat, they would have 
to replace the CF-100 within a specified time by a 
supersonic all-weather fighter, and an evaluation team 


Ficure 1. Arrow 1. 


was again sent out to the coun. 
tries in the Western Alliance 
who might have a suitable inter. 
ceptor, and it was again decided 
that none of these countries had 
a project, either in design or 
contemplated, which fully met 
the Canadian requirement. 


taken to design, develop, and 
produce in Canada. This 
decision was not taken on the 
basis that there happened to be 
an established aircraft industry 
in Canada, although this obvi- 
ously had some influence on the 
decision. However, the Chief 
of the Air Staff at that time, Air 
Marshal Slemon, made it quite 
clear that Canada was not in a position to undertake 
the development of a new aircraft if a suitable type was 
being designed, developed, or produced in either the 
United States or the United Kingdom, and the decision 
to design and develop in Canada was taken entirely 
because of the peculiar Canadian defence requirements, 
the non-availability of a suitable weapon elsewhere, and 
the ability to meet the Canadian requirements which 
had already been established by the Canadian aircraft 
industry. 


Brief History of Project 

Preliminary studies on a supersonic aircraft to 
replace the CF-100 for the Canadian all-weather 
squadrons had been made at Avro during 1952 and 
early 1953. In May 1953 R.C.A.F. Specification AIR 
7-3 was issued, and this became the basis for further 
design studies. 

In Juiy 1953 a Ministerial directive was issued from 
the Department of Defence Production authorising the 
design study of an aircraft to meet AIR 7-3. Prelim- 
inary design on this aircraft, given the project number 
CF-105, was completed by the summer of 1954. 

The initial aircraft had two Rolls-Royce RB-106 
engines with afterburners, a two-man_ integrated fire 
control system, and the armament was a mixture of 
air-to-air missiles and 2:75 in. air-to-air rockets. 

By the end of 1953 preliminary loads and sizes had 
been established for the complete aircraft, and certain 
wind tunnel work had been done to establish the aero- 
dynamic parameters. The production engineers were 
also establishing manufacturing techniques. 

In early 1954 the RB-106 engine project was 
abandoned by Rolls-Royce, and the choice of engines 
was therefore again in the mill. Orenda were at that 
time designing a large supersonic engine as a private 
venture, and this engine was well matched to our re- 
quirements. However, it was obvious that this engine 
would not be available for the first few aircraft. The 


Once again, the decision was. 
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Curtiss-Wright J.67 engine appeared to be the most 
suitable engine for the earlier version, and the first few 
jircraft were therefore designed around the J.67. How- 
ever, in 1955 it became obvious that the U.S.A.F. were 
going to abandon the development of the J.67, and the 
Pratt and Whitney J.75 was substituted. The design 
of the aircraft had been well along on the J.67 version, 
and an appreciable amount of re-design had to be done 
0 accommodate the J.75. 

Aerodynamically, the CF-105 was, of necessity, a 
considerable advancement over contemporary aircraft, 
and there were few reports or tests available on which 
10 base a firm, production type, design. Stability and 
control problems were probably the most difficult to 
assess and an extensive wind tunnel programme was 
insituted. 

However, since the design of the aircraft had to 
proceed at the same time, the basic aircraft design was 
frozen on the basis of stability and control character- 
istics largely predicted from theory. By mid-1954 
production drawings were going out to manufacturing. 

I would like to deal briefly with some of the philo- 
sophy behind the configuration which we chose to 
meet the specification (Fig. 2). 


The Configuration 

There are a number of relatively unconventional 
features on the Arrow and a reasonably detailed 
appraisal of these might easily fill a volume of 500 to 
600 pages. Therefore, I intend to pick out a few of 
the highlights and present a broad-brush picture of the 
design philosophy behind them. 

The R.C.A.F. had es.ablished a requirement for a 
two-place, twin-engined aircraft. Their preference for 
acrew of two was partly based on the complexity of 
the newer fire control systems and the fact that, while 
the chosen system was in.ended to be entirely automatic 
during the mid-course and terminal phases of the 
attack, it was the intention to press home an attack on 
the basis of a manual mode, ir the event of the failure 
of the automatic mode. 

The choice of two engines was based on a combina- 
tion of circumstances, the advantages of two engines 
being obvious in reduced attrition, especially during 
training. One of the most important factors, however, 
was the fact that with the very large weapon package 


AVIONICS 
ARMAMENT 
EQUIPMENT 
POR 

ENGINE 


NORMAL COMBAT GROSS WHGHT 64.000 LB. 
WING AREA 1,225 SOFT. LENGTH 77:9.65" 
SPAN 50” HEIGHT 21'- 3” 


4 


Figure 2. Data diagram. 


required as payload, and the large amount of fuel car- 
ried for the range requirements, the size of the aircraft 
was obviously going to be such that there was no single 
engine large enough to power it. 

The configuration of the basic fuselage was deter- 
mined almost entirely by the two-seat, two-engine 
arrangement and the large armament bay. I will deal 
more specifically wich these items later. 


CHOICE OF WING DESIGN 

At the time we laid down the design of the CF-105, 
there was a somewhat emotional controversy going on 
in the United States on the relative merits of che delta 
plan form versus the straight wing for supersonic air- 
craft. 

We tried very carefully not to become inhibited by 
association wich either side and our choice of a tailless 
delta was based mainly on the compromise of attempt- 
ing to achieve structural and aeroelastic efficiency, with 
a very thin wing, and yet, at the same time, achieving 
the large internal fuel capacity required for the speci- 
fied range. 

This established our delta plan form and the lack 
of a tail can be attributed almost entirely to our desire 
not to have to face the problem of putting a tail on top 
of an extremely thin fin out of the effects of wing down- 
wash, or, otherwise, having to put it so low, again out 
of che downwash region, that our landing angles would 
be impossible. We felt that the problems associated 
with a tailless delta were more predictable and 
manageable. 

We were also very conscious of the problems that 
tailed deltas were having at that time, where a large 
increase in downwash at the stall made the tail strongly 
de-stabilising, so that the stalling characterisiics became 
objectionable. 

It was obvious from the outset that to give the 
R.C.A.F. an aircraft wich flexibility of development, the 
aerodynamic characteristics should be such that they 
would not limit the speed to less than the structural 
limitations. The aluminium alloy s.ructure which we 
favoured was good for speeds greater than a Mach 
number of 2, and we therefore felt that our aerodyna- 
mics should be at least as good as this. 

To achieve this we had to go to the thinnesi possible 
t/c ratio, and started out with a 3 per cent t/c wing 
throughout the span, but aileron reversal forced us 
to go to a thicker and stiffer wing section, and we com- 
promised at 3-5 per cent at the wing root, and 3-8 per 
cent at the tip. The structural advantages of the delta 
made the achievement of a thin wing section possible 
without a large weight penalty. 

So for us, the tailless delta had distinct virtues, with 
the added advantage that Avro Manchester had, by 
that time, done considerable flying with the 707 delta 
research aircraft, prior to the design of the Vulcan 
tailless delta bomber, and this information was, of 
course, available to us. 

However, the delta, like everything else, also had its 
vices. For instance, aeroelastics were obviously to play 
a very big part in our design, due to the extremely thin 
wing and fin sections and, in calculating the aeroelastic 
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and flutter characteristics of a delta wing the standard 
semi-empirical methods of analysis would have pro- 
duced a prohibitively heavy structure if we had used 
them indiscriminately. We had to examine all types of 
aeroelastic and flutter problems from first principles, 
and we repeated these as the design progressed. The 
establishment of the structural matrix was a very labori- 
ous process, most of which had to be done on our digital 
computers. 

Due to the short elevator arm we were in trouble 
with trim drag. The high elevator angles required to 
trim at high altitude increase the elevator drag con- 
siderably. We investigated means of reducing this and 
the most promising appeared to be the introduction of 
negative wing camber. Camber has the effect of build- 
ing in some elevator angle without the excessive control 
surface drag. The amount of camber chosen, which 
was 3/4 per cent negative, was that which would give a 
good compromise between the positive angles to trim 
at low altitude, and the negative angles required at 
high altitude. 


LEADING EDGE NOTCH AND EXTENSION 

Early in the design stages modifications were made 
to the original clean wing. These were the addition 
of leading edge droop, and the semi-span notch with 
outer wing chord extension. These modifications were 
made as a resuit of wind tunnel tests at Cornell Labora- 
tories in Buffalo on a 3 per cent complete model, sting 
mounted. The approximate Reynolds number used 
during the tests was between one and two million. These 
tests showed that we were getting a pitch-up or non- 
linearity in the Cy-— 2 curve at moderate angles of 
attack. This phenomenon is not peculiar to deltas, 
being common to all swept wing aircraft. In flight 
it could cause a tightening in the turn. 
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Ficure 3 (left). Vortex pattern of 
plain wing. 


Ficure 4 (right). Vortex patter 
of wing with notch and extended 
leading edge. 


Crudely, the — condition 
appears to be caused by yor. 
tices which start at the tip and 
move to the apex of the swept 
wing. Low pressure air js 


and causes a breakaway out. 
board of the area covered by 
the vortex, which is mainly at 
the trailing edge (Figs. 3 and 
4). This causes the effective 
aerodynamic centre to. shift 
forward, giving a “pitch-up” 
or an abrupt change in the 
moment curve. 

While the  pitch-up 
peared on test to be of small 
magnitude, since very moder- 
ate amounts of pitch-up can 
be embarrassing to the pilot attempts were made to 
eliminate it. 

We were aware of the work that had been done by 
N.A.C.A. and the R.A.E. and the fact that a number 
of other aircraft which had exhibited this tendency had 
used either notches in the leading edge at about semi- 


span, or extensions of the wing leading edge outboard, | 


in an attempt to prevent the flow separation. The notch 
had been used, for instance, on the English Electric 


F-23, and the leading edge extension had been installed | 
on a Grumman F9F9, and a Chance Vought aircraft. | 


The notch has a somewhat similar effect to a fence and 
causes the disturbing vortices to move away from the 


apex of the swept wing toward the notch, which is at | 


semi-span, and reduces the area of disturbed flow over 
the wing. The notch, however, produces these effects 
by air flow rather than as a physical barrier. It was 
our opinion that the effects of the notch are present 
over the whole speed range, whereas a fence is usually 
only effective over smaller speed ranges, and the notch 
was expected to increase the drag by a lesser amount 
than a fence. 

We did find, however, in our tests that with the notch 
alone the test results were not repeatable; in other 
words, the same results could not be got in subsequent 
tests. When the leading edge extension was installed 
in addition to the notch the results were far more re- 
peatable. Eight different notches and three extended 
leading edges were tried in various combinations. The 
depth of the notch appeared to be the most critical 
parameter, and here again we had to bear in mind that 
we could not have too deep a notch because of the 
structural problems. 

Figure 5 shows the effect of the 5 per cent notch and 
10 per cent extension of the local chord on the outer 
wing, which was finally adopted, against the unmodified 
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34 per cent wing at M=0-9, and at an elevator angle 
of - 20°. 


prooPING OF LEADING EDGE 

During the time that the tests were being made 
on the notch and leading edge extension for pitch-up, 
we were following very closely the work being done 
on the F.102 with regard to a reduction in induced 
drag by drooping the wing leading edge, and also the 
york that was going on at Avro Manchester on the 
Vulcan, They were drooping the leading edge to in- 
crease ‘fie buffet boundary by preventing leading edge 
preakaway at high angles of attack. 

This also influenced us in choosing the 10 per cent 
increase in leading edge outboard, to cure pitch-up, 
since we realised that, if after investigation we found 
that it would be advantageous to droop the leading 
edge, the extension would increase the amount of effec- 
tive droop. 

Droop was installed on the wind tunnel model, 8° 
inboard and approximately 4° outboard. This increased 
the buffet boundary considerably. For instance, at 
M4=0:925, which is the normal subsonic cruise Mach 
number, the C;, at which we estimate the onset of buffet 


| jsincreased from 0-26 with the extension alone, to 0-41 


with the extension plus droop. The buffet, or flow 
eparation, was indicated by pressure plots on the 
ailerons in the Cornell Laboratory tunnel tests. The 
supersonic drag did not appear to be increased 
appreciably. 

We were also cognisant at this time of the work on 
Vortex Generators which Avro Manchester were doing 
for alleviating the shock-induced rear separation, but 
from the evidence we had from N.A.C.A., and also 
fom the Manchester reports, it was felt that for a t/c 
ratio of under 5 per cent this would not be a problem, 
and Vortex Generators would not be required for this 
reason on the CF-105. 


\NHEDRAL 

Another peculiarity of the CF-105 wing is the 4° 
anhedral. This was established entirely to reduce the 
length of the undercarriage, and has no appreciable 
aerodynamic effect or significance. 


0.90 3,= -20° (uP) 
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Ficure 5. Effect of wing modification on C,,— z. 
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HIGH WING 

A high wing arrangement was adopted because of 
the greater flexibility with this layout. For example, 
it allowed a relatively simple engine installation and 
any changes in engines and armament can be made 
without affecting the basic wing structure, which is not 
always the case with an integrated wing-fuselage 
structure. 

It also allowed us to carry the wing structure straight 
through without a break at the fuselage and simplified 
the wing to fin attachment, since there was no necessity 
to carry the fin structure down through the engines. The 
fin is 4 per cent ¢/c. 


AREA RULE 

A great deal of theoretical work was done on the 
application of Area Rule to the CF-105 and during the 
early design stages certain changes were incorporated 
in the aircraft to take advantage of the results of our 
area rule work. 

Eleven plastic models were made at 1/30th scale and 
cuts were taken on these to represent various Mach 
numbers. The cuts were then checked on a planimeter, 
the results fed into a digital computer, and plots were 
made around the aircraft at 0°, 45°, 90°, 135° and 180°. 
Most of the results were obtained around a Mach 
number of 1-5 and, as a result of this extensive investi- 
gation, we sharpened the radar nose, thinned down the 
intake lips, reduced the cross-section area of the fuselage 
below the canopy, and added an extension fairing at the 
rear, to smooth out the bumps in the area rule curve 
(Fig. 6). 


ENGINE AND INTAKES 

The CF-105 is undoubtedly the most “ re-engined ” 
of any aircraft at this stage of development since, one 
by one, the engines slated for the project fell by the 
wayside. However, I will not attempt to go into the 
history of the “thousand and one” installations but 
will deal mainly with the final (?) installation on the 
production Mark 2. The first five aircraft are fitted 
with Pratt and Whitney J.75 engines, and the sixth air- 
craft is the first Mark 2 with Orenda Iroquois engines. 

The Iroquois power unit is an axial flow gas turbine 
of twin spool configuration. The compressor is 
designed for a high air mass flow, and a pressure ratio 
of 8 to 1 at sea level static. Compressor delivery air 
bleed is used for driving the air turbine centrifugal fuel 
pumps, and is also available for aircraft services. 

The engine incorporates an afterburner which is 
built as an integral part of the basic engine. The after- 
burner operation is fully automatic, the engine having 
a modulated final nozzle to produce the desired thrust 
to temperature relationship at the selected power lever 
setting. 

Figure 7 shows the engine cooling system at speeds 
greater than M=0°5. 

The intake gills immediately adjacent to the com- 
pressor inlet open up at M=0°5 and allow air to by-pass 
around the engine for cooling purposes, and to alleviate 
spillage at high Mach number. By this means, it is 
possible to achieve near optimum performance with 
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REDUCED 


ADDED 


Ficure 6. Area ruling. 


this fixed geometry intake, in the subsonic, transonic, 
and supersonic speed ranges. At very high Mach 
numbers, if the air which could not be swallowed by 
the engines were allowed to spill from the intake lips, 
there would be a high drag penalty, bad pressure 
recovery characteristics within the intake itself, and 
possible de-stabilising effects from the components of 
spillage. 

The technique of by-passing air over the engine 
between the engine and compartment sidewalls not only 
takes care of the spillage and cools the engine but, by 
acting as a heat exchanger, collects heat from the after- 
burner casing and passes it into the ejector exit annulus, 
providing a small percentage of additional thrust. 

For fire protection, the critical compartments con- 
taining the fuel system, and so on, are enclosed by 
titanium shrouds and stainless steel insulated blankets. 

The gilis are automatic, and when the aircraft has 
reached a forward speed high enough to create a static 
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FiGure 9. Arrow structure cutaway. 


pressure higher than ambient within the intake duct, 
the by-pass gills open due to ram intake pressure, and 
allow the air to by-pass over the engine. 

With the twin-engine configuration on the ean, | 
there has been no requirement for either bifurcated in. | 
takes or nozzles, and the flow is relatively clean. 


AIR INTAKE | 
The arrangement of the intakes is shown in Fig. 8, 
and consists basically of the following: 


(a) a boundary layer bleed, which diverts two-thirds 
of the air in the boundary layer over the top and 
bottom of the wing, the middle third being taken | 
into the heat exchangers in the air conditioning 
system, 


() the intake ramp, which is used to create an oblique 
shock wave at supersonic speeds to allow optimum 
pressure recovery characteristics inside the intake, | 

and which, combined 

with the normal standing 
shock, prevents turbulent 
conditions in the intake 


AIR INLET 


ENTRY TO HEAT 
EXCHANGER OPEN 


sad over most of the Mach 
number range. 

ian The optimum angle for the 

fixed intake ramp was 

ere mined by considerations of net | 


rerTary Nozze 2CCelerating thrust. The geo- 
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metry of the intake was chosen 
a to yield the maximum installed 
net thrust with the minimum 
distortion of air flow at the 
compressor face, with inlet 
flow stability over the range of 
engine mass flows. 

The angle of the intake 
external ramp is 12°, and 


Ficure 7. Engine cooling. Flight 


case M=0-°50 and upwards. 
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Ficure 8. Intake geometry. 


the intake contraction and profile from the face of the 
intake lips to the throat was determined by 3th scale 
models, tested to give the required total pressure re- 
covery and acceptable distortion levels at low subsonic 
Mach numbers, without confliction wich supersonic flow 
requirements. 

A number of modifications were made to the ramps 
as a result of these tests. One of the problems en- 
countered was an interaction between the inlet shock 
and the boundary layer from the ramp, which caused 
fluctuating conditions inside the intake similar to the 
comonly known “ intake buzz.”  Perforations were 
installed on the face of the ramp, and the boundary 
layer air from the ramp was sucked through these per- 
forations by an extractor, seen below the intake, which 
has a series of cascades. 

The Ath scale model, tested in the N.A.C.A. 8 ft. x 
6 ft. Lewis tunnel, represented the full scale aircraft 
configuration as far rearward as the engine compressor 
face. It included the canopy, fuselage inlet ducts, and 
bleed, to determine the interaction of the fuselage and 
canopy surfaces with the air flowing through the intake. 

Continuous-view schlieren high speed cameras, as 
well as flow pressure and temperature instrumentation, 
were used to determine the flow patterns in the intake. 
Thirty-seven configurations were checked, involving 
1,283 data points. They were all tested within one 
month, with the wind tunnel time running to some- 
thing over 100 hours. 


Basic Structural Design 

The structure of the CF-105 is relatively conven- 
tional, but the thin low aspect ratio delta configuration 
and the two engines buried in the fuselage have intro- 
duced a number of interesting structural problems 
(Fig. 9). 


WING 

The outer wing consists of a multi-spar, highly 
swept, box beam, with heavy 75ST6 tapered skins and 
ribs running normal to the main spars. The trailing 
edge consists of a control box housing the aileron con- 
trol linkage system, to which the aileron is attached 
by a continuous piano hinge. The outer wing is 
attached to the inner wing by a peripheral bolted joint, 
covered by a fairing. 


The inner wing consists of a main torsion box con- 
taining four 75ST6 spars, ribs running parallel to the 
centre line of the aircraft, and 75ST6 machined skins 
with integral stiffeners connected by posts. This box 
is also an integral fuel tank, pressurised to 19 p.s.i. 
The inner wings are joined at the centre line of the 
aircraft. 

Over the fuselage, and behind the main box, is a 
rear box extending aft, to which the fin is attached. 
The fin consists of a multi-spar box beam with heavy 
75ST6 tapered skins and ribs normal to the spars. 


FUSELAGE 

The fuselage has been basically designed around the 
two engines and their intake system, with the crew 
cockpit nesting in between the intake ducts. The 
engines are suspended from the inner wing and they 
are enclosed by fuselage at the sides and bottom. Under- 
neath the inner wing spars, heavy formers attach the 
fuselage to the wing. The fuselage sides are attached 
to the wing chordwise by a continuous piano hinge. 

The removable armament pack lies underneath the 
intakes at the centre section. 


UNDERCARRIAGE 

One of the most difficult structural problems has 
been the siowage of the undercarriage gear, which is 
relatively long, in view of the high wing arrangement 
and the large angles of attack at take-off and landing. 

It was found to be impossible to stow the under- 
carriage system in the thin wing without shortening 
and twisting it as it retracted. 


ANALYSIS 

With the low aspect ratio delta wing arrangement 
it was not possible to consider the wing acting as a 
beam attached to a rigid fuselage. The wing deflects 
chordwise under the inertial, lift and elevator loads, and 
this in turn affects fuselage bending, and the whole 
structure was analysed as a fuselage-wing combination, 
with the wing considered to act as a plate. 

Matrices were established relating energy of 
deformation to stress at selected points, and by a series 
of approximations, new matrices were obtained as the 
deflections were established, which related stress and 
deflection with unit loads. 

Another difficult structural problem was the internal 
air pressures in the intake. The air intake system, the 
shrouds surrounding the engines, the fuel tanks, and the 
cockpit are ail subject to positive and negative pressures. 
The whole structure had to be considered as a pressure 
vessel under internal and external pressure. 

The air intakes are circular over most of their length, 
but change to rectangular section at the intake ramps. 
They are made from 24ST aluminium alloy and, in 
addition to the internal-external pressure tests, 50 
calibre bullets have been fired through a duct pressur- 
ised to limit pressure to establish whether explosive 
de-compression would take place. It did not. 


FATIGUE 
We felt it was important that the structure had a 
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relatively uniform fatigue life, and that there should be 
no point where the stress concentration factors exceeded 
the average value by any great amount. A great deal 
of attention was paid to obtaining the best possible 
fatigue life without too much of a weight penalty, by 
careful detail design and detailed stress analysis. 

An extensive programme of fatigue testing of joints 
was carried out, and this also applied to systems testing. 
In the 4,000 p.s.i. hydraulic system, for instance, exten- 
sive fatigue testing of pipes and components was done, 
especially on those items attached to components on 
which there were high transient loads, such as the 
control actuators. 

Thermal stresses were also a problem. Elevated 
temperatures not only have the effect of reducing the 
allowable stresses and elasticity of the materials, but 
transient conditions where the outer skin may_ be 
relatively hot due to friction, while the inner portion of 
the structure or skin may not have had time to warm 
up, produce differential stresses in the structure. 


ACOUSTIC ANALYSIS 

A great deal of ad hoc and basic research testing 
was conducted on representative structures in a sound 
chamber, since much of the structure is exposed to the 
high acoustic potential damage from afterburner 
operation. 


TESTING 

Many structural components have been tested, rang- 
ing from complete tests of the whole aircraft, down to 
very minor tests such as rivets. Approximately 120 
major structural tests have been carried out, some con- 
sisting of tests of 30 to 40 specimens to get a representa- 
tive figure. 

The results of many of these tests have already been 
incorporated into the structural design. 


Flutter Study 


Studies on flutter included extensive investigation of 
wing modes, fin and rudder modes, and control surface 
buzz (Fig. 10(a)). 


WING 

The wing was treated as a plate, because of the 
low aspect ratio, and the modes were calculated for 
the complete aircraft, since it was obvious that it would 
be impossible to separate the wing and fuselage in a 
structure of this type. Cantilever modes were also 
calculated, as a check. Calculations involving the com- 
plete aircraft in the symmetrical case involved 6 degrees 
of freedom, plus control effects. 

Vibration modes were calculated by a_ matrix 
iteration method from a 60-point matrix. The frequen- 
cies were found to be quite low, and it was later decided 
to include all wing modes up to the anticipated control 
surface frequencies. A number of methods of calcula- 
ting flutter were tried, and we came to the conclusion 
that a conventional strip theory analysis using two- 
dimensional derivatives was inadequate for highly swept 
wings, and that a form of lifting surface theory was 


required. The aircraft’s flutter speed appeared to be 
dependent on the fuselage bending and torsional stiff. 
ness, with the wing torsional stiffness playing 
secondary role. 


FIN AND RUDDER 

Three degrees of fin freedom were included in the 
analysis, together with the rudder fundamental mode, 
A wide range of rudder frequencies was covered to 
establish the stiffness required of the control circuit 
for flutter prevention. 

The results showed that flutter should be no prob. 
lem on the fin, providing the rudder frequency was kept 
to twice the fundamental bending frequency. A stream- 
wise strip method was used for the supersonic analysis, 
and no flutter speeds were encountered. 

The low speed model programme demonstrated that, 
except for very low rudder frequencies, the calcuiations 
were conservative. A very high margin was obtained, 
and the flutter point agreed well with N.A.C.A. data 
on similar plan forms. In view of the high margin, it 
was considered worthwhile to proceed with a transonic 
model programme. 


CONTROL SURFACE BUZZ 

Three types of control surface buzz were considered, 
the first being the shock wave boundary layer interac- 
tion problem which occurs at a speed slightly higher 
than the wing or fin critical Mach number. An 
oscillatory condition arises when the shock waves move 
rapidly back and forth across the control surface hinge 
line, influenced by the trailing edge shape of the control 
surface, and the particular flight manoeuvre being made. 

Another type arises from the interaction between 
the structure and the integrated electronic system and 
auto-pilot. The accelerometers in the auto-pilot sense 
airframe vibrations, as well as primary motion, and 
control surface movement results. Work was done to 
arrange sensor location to minimise these false signals. 


Figure 10(a). Flutter model. 
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FiGureE 10(b). Damping trace produced by stick tapping 


The third type of buzz is associated with a one 
degree of freedom flutter due to the theoretical loss of 
damping at low supersonic Mach numbers. 


GROUND RESONANCE 

Ground resonance was an important factor, since 
with an aircraft the size and weight of the Arrow, 
the complete dynamic structural characteristics had to 
be completely investigated on the three-point under- 
carriage suspension. The tests showed that the air- 
craft, fuselage, and the wing were better than calculated. 
However, the fin appeared to be less easily predictable, 
since there was considerable rudder torsion coupling. 
Further fin flutter tests have been made to check the 
predictions. 


FLIGHT FLUTTER TESTING 

The modes of interest are easily excited by the con- 
trols in flight, and we have done considerable stick 
tapping in an attempt to obtain records throughout the 
speed envelope. From this, by telemetry, the time and 
magnitude of damping are checked. Fig. 10(b) shows 
the excellent damping recorded from these tests. 


Materials 

To eliminate time delays due to development of 
unfamiliar production processes, we did not go in for 
extensive use of the newer techniques, such as. steel 
honeycomb, and used titanium only where its high 
temperature properties were required, rather than from 
a strength consideration. However, a number of the 
newer materials were used. 

The inner wing skins are machined out of a solid 
billet, using a 75ST aluminium alloy. This was 
stretched a nominal 2 per cent immediately after solu- 
tion treatment and before artificial ageing, to produce 
an essentially stress-free condition. We felt that fully 
heat-treated alloy would contain residual stresses which 
would be relieved during machining and result in 
distortion. The stress relieved plate is also much less 
Susceptible to stress corrosion, 


during flight test (aileron mounted accelerometers). 


For components machined from hand forgings, we 
used a new aluminium alloy 7079, which has a chemical 
composition and heat treatment which is guaranteed to 
have a minimum transverse elongation of 4 per cent. 
and which can be heat-treated to achieve its maximum 
mechanical properties with almost negligible stress, even 
on sections up to 6 in. in thickness. 

On certain of the external surfaces we had a need 
for magnesium alloy sheet, which was determined by 
the necessity of achieving the required degree of stiff- 
ness, as well as maintaining the highest possible strength 
to weight ratio. The standard magnesium alloys of 
the aluminium zinc type were found to lose much of 
their strength at the temperature corresponding to a 
Mach number of 2, i.e. approximately 250°F, and they 
failed to recover their original properties on return to 
room temperature. 

The specification finally used was ZE41H24, and we 
had little difficulty with it after establishing the proper 
techniques of hot forming. 

ZH62, a new casting alloy, was used on the wind- 
shield and canopy castings, which are complex and 
difficult to cast in any magnesium alloy. Strength is 
maintained quite satisfactorily in this alloy to over 
300°F, with almost complete recovery. The alloy is 
weldable, which makes possible the salvaging of com- 
plicated castings which might be scrapped if they 
happened to be unacceptable through minor surface 
defects, such as mis-runs or local surface porosity. 

On the undercarriage, which had to be relatively 
slim to go into the thin wing section, the manufacturers 
of this component went to 280,000 p.s.i. high strength 
steel. Extensive investigations had been made on 
several steels to determine the best compromise between 
high tensile strength and an inevitable reduction in 
ductility and impact strength, which results from the use 
of high tensile strength. Great care had to be taken to 
reduce the hydrogen content, since hydrogen embrittle- 
ment has a marked effect on the fatigue strength and 
impact properties. 

Titanium was used in sheet form extensively in the 
shrouds and portions of the structure adjacent to the 
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jet pipe, where the low weight and high strength at 
temperatures up to 800°F are required. This is mainly 
commercially pure titanium. 

Extensive investigations were made iito the possible 
use of titanium as a structural material, but although 
at that time some of the titanium alloys appeared to 
be promising as a replacement of high strength 
aluminium alloys in the structure, the manufacturers 
were unable to obtain uniformity of the product to 
ensure that the higher strength was in fact available. 

Titanium is being used as a replacement for steel 
in some joints and fastenings, since there is a distinct 
weight saving from this. 


Flying Control System 


The basic flying control system of the CF-105 is 
fully powered. The surfaces are operated by dual 
hydraulic jacks, each side of which is supplied by an 
independent hydraulic system, so that in the event of 
an engine failure, or the failure of one hydraulic power 
supply, full control can be maintained. 

There are three modes of control; manual, auto- 
matic, and emergency. The manual and automatic 
modes are shown in Figs. 11(a) and 11(b). The pilot’s 
effort is converted into an electric signal by a stick force 
transducer at the top of the control column. This 
signal is fed to the command servo through a magnetic 
amplifier circuit. The command servo is an electro- 
hydraulic mechanism which converts the amplified 
signal into movement of the linkage leading to the 
control valves on the elevator jacks. The stick is 
mechanically connected to the command servo output. 


To provide some feel for the pilot on pulling “ g,” 
which has to be artifically created with a fully powered 
system, a suitable signal is channelled into the command 
servo from the aircraft performance sensors, the signal 
being picked up electrically by the sensors and fed into 
an electronic network. 


In the automatic mode, the command servos are 
operated by signals from the electronic black boxes 
of the integrated fire control and combat system. Dis- 
plactment of the stick takes place under these 
conditions, but can be over-ridden if the pilot applies 
sufficient force. 

Artificial stability augmentation is fed into the 
system in the following manner. Unstable tendencies 
are picked up by sensors and adjustments are made to 
the control system deflections by an independent servo, 
without reaction by the command servo, so that the pilot 
is unaware of this correction. 
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FiGcure 11(a). Flying control system—manual mode (elevator). 
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Damping System 

The problem of obtaining adequate natural aero. 
dynamic stability for an aircraft with the aititude ang 
speed range of the CF-105 was extremely difficul, 
especially in view of the low aspect ratio, and directional] 
stability in particular was a problem. 

With the very thin fin required with a supersonic 
aircraft there is a large reduction in fin effectiveness a 
high indicated air speed, and the fin lift falls off con. 
siderably, due to the lift slope curve decreasing with 
Mach number. 

To achieve adequate directional stability over the 
complete flight envelope we resorted to a_ synthetic 
“ damping ” system. 

Longitudinal dynamic stability is satisfactory at low 
altitude, but deteriorates with altitude in the normal 
way, and above 40,000 ft. the natural damping required 
augmentation to make the aircraft an effective weapon 
launching platform. The periods of oscillation, are too 
short at high speeds for the pilot to be able to control 
adequately the response to a gust. 

We were left then with a necessity to augment longi- 
tudinal dynamic stability at high altitudes for weapon 
launching, and to augment lateral static and dynamic 
stability at a combination of high altitude and _ high 
speed to obtain adequate controllability. We did con. 
sider very carefully ways and means to produce better 
natural directional stability by, say, increasing the fin 
area some 50 to 60 per cent or putting underslung dorsal 
fins, i.e. dorsal fins, under the fuselage, but the perforn- 
ance penalties of doing this were considered to be | 
unacceptable. For instance, if we increased the size of 
the fin, it would geometrically reduce the fin arm. It 
would also increase the fin weight and move the c.g. aft, 
which again reduces the directional stability, and so we 
would be getting into an area of diminishing returns. 

It was therefore decided to obtain the required 
stability on all axes by artificial means, and since failure 
of the artificial damping system could be a problem 
in some areas of the flight envelope, it was also decided 
that the system must be made with either the same or 
better reliability than a standard power-operated 
system. | 

The highest possible degree of reliability and safety 
has been built in to the damping system. For instance, 
on the yaw axis, which is the most critical, there 1s 
complete duplication, including sensors, computers, and 
hydraulic servos. The duplicate yaw axis system is 
called the “emergency damping system.” The switch- | 
over from “normal” to “emergency ” in case of a 
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Figure 11(b). Block diagram of flying control system— 
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con. ‘detected malfunction is automatic. The main sensing 
better clement is an accelerometer and, at low speed, a side- 


he fin Sp vane. It is therefore necessary for a double failure 
to occur before the pilot is left without damping. 


on The damping system has proved to be quite a 
to be development problem, and much of our flight testing 
ize of 90 far has been concerned with sorting out the system. 
_ qt However, we were quite aware at the outset that this 
o. aft would be the case and, on the other side of the ledger, 
so we (the flight testing has shown that our directional stability 
turns; better than expected. 

uired The system is designed to operate in conjunction 
ailure With the automatic flight control system, which in turn 
blen 18 integrated with, and is an essential part of, the 


cided | Mtegrated interceptor electronic system. The main 
function of the damping system is to dampen the short 


cia | period oscillations about all three axes, and to dampen 
_ the longitudinal long period oscillations. 
safety The system provides turn co-ordination and side- 
oe slip minimisation in operational manoeuvres up to 6g 
we positive in pull-outs, and 4¢ positive in turns. This 
and Protects the fin structure from excessive loading. The 
m is “amping system also provides for unco-ordinated 
vitch. | Manoeuvres at the option of the pilot, which is carried 
of gout by a cut-off switch on the rudder bar, and provides 


a means of manual control. 
The emergency damping system, which is on the yaw 
sree axis only, provides stability and damping of the Dutch 
Roll mode, and limits the side-slip to well within the 
| structural integrity limit on the fin, in pull-outs or 2¢ 
| turn manoeuvres. 


Fire Control System 
r | While it is not possible, for security reasons, to 
' describe the integrated electronic system which is the 
brain and nerve centre of the Arrow weapon system, I 


can say that it is a very sophisticated system and 
provides automatic flight control, airborne radar, tele- 
communications and navigation, and special instru- 
mentation and pilot displays, and can operate in either 
fully automatic, semi-automatic, or manual environment. 
The system is carried mainly in the radar nose, with 
missile auxiliaries housed in the armament bay. 


Weapon Pack 

A number of different kinds of missile armament 
can be carried in the large armament bay. The missiles 
are housed in a removable pack below the fuselage, 
attached at four points, and re-arming is very fast, the 
pack being lifted into place by a mobile rig which also 
serves as a transport dolly (Fig. 12). 


Free Flight Models 


During the early phases of preliminary design, we 
decided that a great deal of data could be accumulated 
from free flight model firing, especially on dynamic 
stability and control, and also that free flight models 
would give a better means of establishing the aircraft 
drag than wind tunnel models, since the effect of the 
data boom on the relatively low Reynolds numbers of 
the wind tunnel tests, and the difficulty of making an 
accurate strain gauge drag balance, free from the inter- 
action of other components, made it difficult to establish 
the drag by tunnel tests. 

We estimated that {th scale models, fired to the 
correct Mach number at low altitude would give 
approximately full scale Reynolds numbers, due to the 
higher air density closer to sea level. 

The first model was fired in December 1954 to 
evaluate the techniques for launch, separation, tele- 
metering, and tracking (Fig. 13). Four crude models 
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last seven models, three were drag models, two lateral mil 
stability models, and two longitudinal stability models tot 
The models were all launched from a zero length | 
launcher, and boosted to a Mach number of 1:7 by aj we 
JATO booster, having 50,000 Ib. of thrust for a period ted 
of three seconds. dei 
The telemetry package radioed back to a ground | trid 
recording station, position, pressures, acceleration data, pot 
and so on. ) nos 
Separation was achieved by means of drag; the 
greater drag to weight ratio of the boosters when power | wet 
is exhausted, slows the booster more rapidly than the | jnsi 
model, and the two separate. 
Most of the firings were done at the Canadian Arma- | thr 
ment Research and Development Establishment at | son 
Picton, on the shores of Lake Ontario, which has a | ass 
range telemetry ground station. Our own telemetry | abc 
mobile trailer receiver was also used as a check. abi 
Additional range instrumentation consisted of kiné- | cen 
y theodolites taking pictures at five frames a second, com. | Lal 
. plete with azimuth and elevation scales. All the shutters | skij 
of the cameras were synchronised. Doppler veloci-meter 
radar was utilised to obtain correct velocity informa- 
tion, with an 8 ft. diameter transmitting and receiving 
dish. There was also a tracking radar, operating at Da 
600 pulses per second on “S” band. Quick-look data ! 
was obtained from a plotting board. 


i—} 


Ficure 13. Free flight model launching. 


had been made with an approximate representation of Two models were fired at the N.A.C.A. Range at | 
the CF-105 configuration to check general problems Wallops Island. One of these models had the fuselage ae 
associated with firing. These were followed by seven contoured for what we called, “super” area ruling, to pe 
considerably more sophisticated and _ representative ascertain what decrease in supersonic drag might be | 
models, having up to 16 channels of telemetry. Of the expected as we optimised the shape to achieve 
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minimum drag at a given speed. The gains were shown 
to be quite small. 

For the lateral stability models, lateral accelerations 
were excited by means of a yaw impulse system moun- 
ted in the nose of the model in the form of a motor- 
driven Geneva cross mechanism, containing five car- 
tridges of 10 Ib. second impulse, and firing alternately 
port and starboard, through a hole in each side of the 
nose at intervals of 14 seconds. 

On the longitudinal stability models, the elevators 
were actuated by a mechanism contained completely 
inside the model using a hydraulic oil-air accumulator. 

In all, these tests were remarkably successful, the 
three drag models provided the data to evaluate super- 
sonic airframe drag and also served as a qualitative 
assessment of the CF-105 dynamic stability, We had no 
aborted firings, even on the crude models, and the reli- 
ability of the telemetry transmission was over 95 per 
cent. On one occasion, for instance, a model fired over 
Lake Ontario hit the water after the test and then 
skipped out again over the surface, and continued to 
send back information to a group of surprised techni- 
cians at “ point zero”! 


Data Acquisition and Handling 

With an aircraft of the complexity of the Arrow, 
an extremely large number of individual readings of 
several hundred parameters are necessary during a test 
flight, if reliable dynamic characteristics of both aircraft 
and systems are to be obtained. 

With the possible data points per flight running into 
several million, it is obvious that manual handling of 
this data would be impractical. The only way that 
such a mass of data can be handled quickly is by means 
of an automatic system. 

This data handling system requires that the informa- 
tion be presented in an electrical form, and magnetic 
lape is used to store the large masses of information 
received. 

It was felt that “in flight” monitoring would be 
necessary during the Arrow flight testing to enable the 
maximum data to be obtained from each flight, and to 
monitor against possible troubles in flight. The means 
of accomplishing this was already present in the com- 
pany in the form of a mobile telemetry unit which had 
been initially constructed for the free flight model 
firings. 

The Arrow data acquisition and handling system is 

composed of an airborne multi-channel recorder system, 
an airborne radio telemetry link, a mobile telemetry 
receivin: station, and a mobile data reduction unit 
capable of reducing data obtained by either airborne 
system (Fig. 14). 
_ With the large armament bay required on the Arrow, 
i the form of a removable self-contained unit, it has 
been relatively easy to house all of our telemetry trans- 
mitting instrumentation and oscillographs, and so on, in 
the weapon pack (Fig. 15). 

For visual monitoring of flight conditions a special 
“operations ” room was prepared, containing recording 
oscillographs giving instantaneous visual records of data 
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FiGure 15. Instrument pack. 


in analogue form during actual flight. Personnel in this 
room are in radio contact with the pilot by means of 
the conventional radio links, so that instructions and 
comments may be exchanged at any time during the 
flight. 

On the first series of flights, we were plagued with « 
number of minor problems, mainly due to the literally 
thousands of wires and connections running to the 
instrument pack. A central “ patch board ” has since 
been included te allow any circuit changes to be made 
at one location. 


Ground Test Programme 

The philosophy of proceeding immediately with 
production type build which we adopted on the CF-105, 
and which | will discuss later, obviously involves 
greater technical risks than the prototype/pre-produc- 
tion/production technique and, to protect as much of 
our engineering investment as possible, the decision was 
made early in the programme to carry out what was 
considered at the time to be an extraordinary amount 
of structural and systems testing. 

A large proportion of this testing was used for 
development purposes, for instance, the basic develop- 
ment of the control system and damping system was 
done on the control system rig. 

Many of the major structural tests, however, could 
not be considered in the development category, since 
production components were required from Manufactur- 
ing, and these components were not, in many cases, 
ready "intil the first aircraft was about to fly. In these 
cases, the test became more of a check on the com- 
pleted design. 

A large number of critical components were checked 
prior to flight. This included the checking of fatigue 
of typical joints and structures, elevated temperature 
testing. panel and torsion box testing, and so on. 
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FiGure 16. Structural static test rig. 


The next step in the structural programme was to 
test the complete aircraft in the large static test rig (Fig. 
16). These tests began in early 1958, the objective 
being to confirm the calculated internal load distribu- 
tion in the complete aircraft structure from the applied 
external loads, and to confirm the calculated stiffness 
and deflections of the structure under load, in addition 
to establishing the overall structural strength of the air- 
frame under limit load conditions for various flight and 
landing cases. 

In the major cases, up to 30 hydraulic systems are 
used to apply the loads, via a multiple beam system, to 
some 1,100 points on the aircraft. This has led to the 
use of an automatic load control system which allows 
control to be maintained by a single operator through 
regulating valves. 

The load in each hydraulic jack is sensed by a strain 
gauge system to ensure that the overall load is com- 
patible with the percentage of limit load to be applied. 
More than 3,000 strain gauge recording stations are 
used on the structure, and 300 deflection gauge stations. 
The central strain gauge recording unit is capable of 
reading out close to 800 stations in 25 minutes. The 
results are simultaneously typewritten and punched on 
to IBM cards for ease of processing by the Technical 
Office. 


TRANSIENT HEATING TESTS 

Transient heating tests were made on representative 
sections of the fuselage and wing using radiant heat 
lamps powered by a variable voltage supply controlled 
by a simple analogue computer. 


SYSTEMS TESTING 

Flying Control System Rig 
Since this rig was used for basic development of the 

flying control system, it was a fairly sophisticated rig, 

containing a dummy cockpit, a complete control system, 

closely controlled electric motor drives to simulate 

various engine conditions, all control surfaces and 


FiGure 17. Flying control systems test rig during construction, 


adjacent structure, and the synthetic stability system 
(Fig. 17). 

For the aerodynamic response tests, surface loading 
was provided by large leaf springs attached to the sur- 
faces, and the tests simulated correct inertial conditions, 
at the same time maintaining structural stiffness. 

A large amount of instrumentation was provided to 
record motions of the actuators, valves, servos, and s0 
on, together with hydraulic system pressure at critical 
points in the system. On this rig we were able to make 
a complete evaluation of the flying control system from 
the cockpit to the control surfaces. The rig was also 
used during simulation tests on the complete aircraft. 

This particular rig is tied in with a co-axial cable to 
the Analogue Computer Room, some distance away 
Output from potentiometers mounted at the control sur- 
faces were transmitted to the computers, which in tum 
fed in derivatives obtained from wind tunnel testing. 
Landing, take-off and manoeuvring under gust condi- 
tions were simulated to give the pilot some feel of the 
aircraft problems, including break-out forces. 

A flight simulator was set up with visual representa- 
tion of aircraft attitude, rate of climb, stability, and so 
on, and included engine noise inputs. A considerable 


_— FUSELAGE TANKS 


WING TANKS 


Ficure 18. Fuel system test rs. 
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amount of “ flying” was done on this rig by the test 
pilots, before actual flight. 


Fuel System Rig 

A full scale rig representing half the complete air- 
craft fuel system was built and mounted on a special 
gantry on which the specimen is pitched and rolled to 
simulate all attitudes of the aircraft in flight. All com- 
ponents of the fuel system were installed so that their 
function would be similar to that experienced in flight. 
Vacuum pumps were available on the rig to simulate 
altitude conditions. Tank pressurisation was provided, 
and a large heater to elevate the fuel temperature, to 
check flows under hot fuel conditions. This rig was also 
used for qualification testing of the various items in the 
fuel system (Fig. 18). 


Air Conditioning System Rig 

This rig was provided to check systems functioning 
and the mass flow distribution throughout the system. 
The rig represents the complete air conditioning system, 
the cockpit being represented by an air tank of equiva- 
lent volume. 

The rig had to be totally enclosed because of the 
high noise level. Air temperatures at 30 locations in 
the rig were recorded by thermocouples, and the air 
turbine speed was obtained from a magnetic pick-up, 
which in turn was recorded on special instrumentation. 
Fig. 19 shows the rig before completion. 


Other Tests 

A number of other tests involving the complete air- 
craft electrical system, the complete landing gear, the 
utility hydraulic system, and so on, were made. A 
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Ficure 19. Air conditioning test rig (during construction). 


system of insulating panels can be placed around most A 
of the test rigs, and air is supplied through heat ex- a 
changers to raise the temperature to 250°F., or reduce 7 
it down to —65°, by reversing the process. It was 
possible by this method to test the control system, 
structure, and so on, at the temperature conditions 
which apply throughout the flight envelope. 

The complete aircraft armament has also been the 
subject of an intensive test and development pro- 
gramme, and has involved considerable flight time on 
the CF-100’s, which have been 
used as test vehicles for the 
Sparrow weapon programme 
at Malton, and at the U‘S. 
Naval missile test centre at 
Point Mugu, California. 


CREW ESCAPE SYSTEM 

A considerable amount of 
development was carried out 
on the crew escape system, 
especially in view of the two- 
man crew requirement. We 
have estimated from simulated 
escape sequences that the com- 
pletion of escape takes an 
average of approximately 8 
seconds, from the time the 
pilot begins to order the obser- 
ver to escape, to the point at 
which both men are clear of 
the aircraft. 

Crew escape time checks 
and tests were made on one 


FiGure 20. Static testing of crew 
escape system. 
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MODEL PURPOSE FACILITY MODEL 
(@) WIND TUNNEL 
3/100 COMPLETE STABILITY & CONTROL CORNELL 3'x 4! 
MODEL (SUB & SUPERSONIC) AND 10! x 12° 4/100 FIN 
MODEL 
4/100 COMPLE STABILITY & CONTROL 
/ TE | "ARMAMENT FORCES CORNELL 3'x 4’ 
(SUB & SUPERSONIC) 
1/10 & 1/8 E 
ICING CONDITIONS MODEL 
REFLECTION N.A.E. 10’x 5.7! 
(LOW SPEED) 
CANOPY & MISSILES 
7/ JETTISON, GROUND N. A.E. 5.7! 
EFFECTS (LOW SPEED) ol - 8 VANE 
1/80 COMPLETE | STABILITY & CONTROL ne 
MODEL (SUPERSONIC) 
1/40 FUSELAGE INTAKE FLOW eee 
INTAKE (SUPERSONIC) 3/100 
CANOPY 
1/50 REFLECTION | STABILITY & CONTROL MODEL 
PLANE (SUPERSONIC) 
1/24 COMPLETE | SPIN CHARACTERISTICS N. A. E. SPINNING 
MODEL (SUBSONIC) TUNNEL 
1/6 FUSELAGE INTAKE STUDY NACA CLEVELAND &/10 DUCT 
INTAKE (SUB & SUPERSONIC) 8'x 6! MODEL 
3/100 COMPLETE | DIRECTIONAL STABILITY NACA LANGLEY 
MODEL (SUPERSONIC) 4'x 4! 
1/50 CANOPY RAKE SURVEY eee 1/8 SCALE 
MODEL (SUBSONIC) 
(11 MODELS) 
1/10 COMPLETE FLUTTER sia 
MODEL (LOW SPEED) 
1/48,1/18,1/8,1/10, 
1/40 REFLECTION FLUTTER " .07, AND FULL 
PLANE (TRANSONIC) SCALE MODELS 
Figure 21. Model testing programme. 


of the Arrow mockups, and full scale ejections were 
made from the cockpit of the static test aircraft, using 


a dummy (Fig. 20). 


Film records indicated that the 


dummy’s legs fouled the instrument panel during ejec- 
tion, but it was considered that the behaviour of the 
dummy had not been entirely representative of that 
of a live occupant, and additional tests were made at 
the R.A.E. by the Martin Baker Company, with satis- 


factory results. 


Ejection from the Arrow is completely automatic. 
The pilot pulls the seat blind, this first triggers the 
canopy mechanism and, when the clamshell canopy 
has reached its full travel, the seat automatically ejects, 
and the pilot is later ejected automatically from the seat. 

To improve the time of ejection, we are now con- 
sidering a linked escape system, with the pilot ejecting 
both the observer and himself from one control, which 
we estimate would cut down the escape time to 2:5 


seconds. 


It is also proposed to carry out ejections from a 
supersonic rocket sled to demonstrate as fully as possible 
that the emergency canopy opening and crew ejection 
mechanisms function correctly, and that crew members 
can be safely ejected clear of the structure over the full 


flight envelope. 
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(a) WIND TUNNEL (CONT'D) 


RUDDER BUZZ 
(SUPERSONIC) 


MISSILE TRAJECTORIES, 
CANOPY HINGE MOMENTS 
AND STABILITY EFFECTS 


(TRANSONIC) 


FUNCTIONAL TESTS 


(SUPERSONIC) 


(b) WATER TUNNEL 
VISUAL FLOW CHECKS 


(LOW SPEED) 


(¢) ENGINE DUCT MODEL 


FLOW, EFFICIENCY AND 


AIR BLEED TESTS 


(d) FREE FLIGHT MODELS 


DRAG & STABILITY 


(SUPERSONIC) 


(e) ANTENNA RESEARCH 


ANTENNA & ANTENNA 


PATTERN RESEARCH 


WIND TUNNEL TESTS 

It would be impossible in a relatively short paper 
to deal adequately with our wind tunnel programme, 
which involved some 4,000 runs and 4,000 hours of 
tunnel time at various facilities in Canada and the 
United States, including the Ottawa tunnels of the 


National 


Aeronautical 


Establishment, 


“DECEMBER 195 
FACILITY 


N.A.E. 
16” x 30” 


CORNELL 


N.A.E,. 
16” x 30" 


N.A.E, 
9.84" x 13.11" 


ORENDA TEST CELL 


ONTARIO AND 
LANGLEY FIELD 
RANGE 


SINCLAIR RADIO 
LABS. LTD. 


the Cornell 


Laboratories at Buffalo, the N.A.C.A. Langley Field 
and Cleveland tunnels, and the supersonic tunnel at the 


Massachusetts Institute of Technology. 
the major tests made up to the present time. 


Fig. 21 list 
The 


amount of data collected, especially on basic aircraft 
stability, was enormous. 


Ground Support Equipment 

In the early stages of preliminary design, it was 
decided by the R.C.A.F. that the ground support equip- 
ment should be designed concurrently with the basic | 
aircraft, to allow the squadrons to be trained and 
equipped well ahead of the receipt of operational 


aircraft. 


It was also realised that with an aircraft of the 
complexity of the Arrow this equipment would, in any 
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ITY case, be required when the first few aircraft started their and the engineering gamble which had to be taken, due 
= fight test programmes. to the gaps in our knowledge, was formidable. 

A ground support design group was set up over three On the other hand, there did not appear to be time 

e. years ago within the Engineering Division to design to build prototypes, develop them, and then re-issue 

30” those items required for satisfactory operation of the production drawings incorporating the changes found 

_ aircraft, and R.C.A.F. personnel joined this group to from development. 

» | =e which would evaluate and resolve the The decision was made, therefore, jointly between 

equipment received for the service readiness hangars the Company, the R.C.A.F., and the Canadian govern- 

} and general turn-around equipment. A typical case is ment to proceed with a number of development aircraft 

shown in Fig. 22. : on the basis of a production type drawing release from 

Studies were made on maintenance facilities and, the outset. In other words, it was decided to take the 

m as the design propio’, a number of conferences were technical risks involved to save time on the programme. 

held on the peep mockup to establish the tnies Production personnel worked along with the Design 

| of replacement and inspection of every equipment item Office to check and advise on produceability as the 

| on the aircraft. This group also prepared a proposal design went along. Detailed layouts, part prints and 

e | outlining a method for providing the personnel and material specifications were all issued on a full pro- 

ae | skills required to maintain the complete Arrow weapons duction basis. Drawings were made full scale on glass 

uNNe, system, including the organising of maintenance per- cloth or vinyl transparencies to assist checking and allow 

sonnel and recommendations for training programmes these drawings to become masters for tooling templates, 

| for ground crews. and so on. Full scale plastic templates were made up 

| from the initial lines lofts, to be used as references and 

; tool patterns by Manufacturing. Permanent type tools 

ST CELL Policy of Manufacture were made up throughout the build of assembly jigs, 


Our programme of building on the CF-100 had been 


_ carried out by the conventional method of building two 


prototype aircraft with minimum tooling, then building 
10 pre-production aircraft on harder tools and, on the 


sub-assembly jigs, and detail tools. Fig. 23 (a) shows 
the main assembly jig and Fig. 23(b) shows one of the 
large milling machines purchased to mill the inner wing 
skins. 


RANGE [3th aircraft, going into full scale production on rela- A full scale metal mockup was made from the detail 
“AND tively sophisticated tooling. Our timing, from the start tools as they became available, and this mockup acted 
FIELD of design in 1946 to delivering the first production air- not only as a tool proving device, but was also used 
, , craft was approximately six years. to train the production crews who were to build the 
On the CF-105, it was obvious from the outset that, first flying aircraft, and was used by Engineering as a 
RADIO based on its greater complexity, even the first aircraft check, and later, as a development tool. Where the 
™. could not be built by hand methods and a certain correct material was not available, many parts of the 
amount of fairly hard tooling would be required. In mock-up were made from soft material, and some parts 
addition, our schedule was to be very tight, from the were made by hand to bring it up to a state of comple- 
time of initial design, to delivery to R.C.A.F. squadrons. tion a little earlier than would have been the case if we 
pape: In considering the method to be followed, we were had waited for permanent tooling. While every attempt 
mme, 280 aware of the change in philosophy which was was made to keep this mockup up to date with all 
irs of | king place in the United States on the basis of the changes, this happy state was never achieved, since the 
4d the | ©00kK-Craigie recommendations, which provided for first aircraft was coming along fairly quickly behind 
f the elimination of prototypes and experimental drawing and the metal mockup. = 5 As 
ornel! | Oling, the first aircraft being built from production I will not pretend that this philosophy of production ¥ 
Field 'YPe tooling, and from production drawings. type build from the outset did not cause us a lot of a 
However, the manufacturers who had 
lists | followed this philosophy at that time had 
The previously had either research aircraft of EXHAUST THROUGH ROOF 
the general configuration of their pro- _A 
duction vehicle, or had, in fact, built 
prototypes before going ahead with a | -—) 
production article. For instance, in the “T 
case of the F.102, considerable develop- | | 
ment work had been done on the XF-92 suPPLES 
was | fesearch vehicle, and two prototypes had SERVICES IN| CONDUIT ELECTRICAL PLUG 
ip- | been built before going into full pro- wer noor 
quip ul re going ull = | UNDER FLOO CONDUIT) 
basic’ duction on the F.102, whereas we had a AIRCRAFT 
||. | AIR CONDITIONING 9” WIDE X12” CONDITIONING 
and completely new and complex aircraft, EQUIPMENT (DEEP TRENCHES, Lit sysTEM 
ional Without the benefit of a research vehicle, SIGNALS PLATE cover NACELLE) 
| CONTROL ROOM TO CREW ROOMS 
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FiGurE 23(a). Arrow main assembly jig. 


problems in Engineering. However, it did achieve its 
objective, and has provided us with more development 
airframes on which to do development flying and 
checking. 

In examining the number of aircraft to be used in 
the test programme, we were again very conscious of 
the time element, and it was obvious that we would 
need a relatively large number of aircraft to obtain the 
development flying necessary on the airframe, engine, 
fire control system, and armament. 

The Air Force examined the programmes which had 
been carried out in the United States, to ascertain the 
approximate number of flying hours required in a 
contemporary development programme. However, on 
examination, it was obvious that Canada could not 
afford to go for such an extensive programme, with up 
to 50 development aircraft, and a compromise was made 
with 15 aircraft being established as straight develop- 
ment vehicles for the various components, with an 
additional 21 aircraft for the R.C.A.F.’s evaluation pro- 
gramme, before these aircraft went into operational 
service. The portions of the programme for which these 
aircraft will be used is shown in Fig. 24. 


Flight Test Programme 

The first engine running in the aircraft took place on 
4th December 1957, taxi trials were started on Christmas 
Eve, 1957, and the first flight was made on 25th March 
1958. 

Stage One of the flight test programme on the first 
aircraft covered the period from first flight until the 
23rd April 1958, i.e. the first 29 days of flying, during 
which nine flights were made. The first two flights 
were for pilot famiiiarisation, the aircraft flew super- 
sonic on the third flight and, on the seventh flight, 
reached a speed well over 1,000 miles per hour at an 
altitude of 50,000 ft. in a climb while still accelerating. 

Most of the early flying was done by Jan Zura- 
kowski, Avro Chief Development Pilot. The aircraft 


FIGURE 23(b). 


Machining Arrow wing skins. | 


was also flown by F/Lt. J. Woodman, R.C.A.F. Evalua- | 
tion Pilot, and ““Spud”’ Potocki, Avro development pilot. | 

Most of these flights, beyond the third, were at , 
supersonic speeds, but the aircraft was not flown to its 
maximum speed capability at any time during these 
early flights. 

Practically all of the flights have been made at a | 
weight considerably in excess of the mission weight 
estimated for the Mark 2 operational aircraft, since the 
installed weight of the J.75 engines is higher than the 
installed weight of the Iroquois, and ballast is also 
required in the nose to balance this extra weight. 
Average take-off weight has been around 67,000 Ib., and 
landing weights have been in the order of 54,000 Ib. 

Basically, this first series of tests were to evaluate 
the general handling qualities of the aircraft over as | 
much of the flight envelope as possible, to evaluate the 
flying control system and damping system, to check 
instrumentation and telemetry techniques, and to check 
safety under adverse conditions, such as one engine 
throttled back, induced oscillations, and so on. | 


CON AS OR CONTRACTORS 
AIRWORTHINESS, TRIALS COMPUANCE TRI |ALS __ DEVELOPMENT _ 
©..G FIRE CONTROL | 
SYSTEM DEVELOPMENT 


>> > CONTRACTOR'S PHASE 1, RCAF 
| 


_PHASE 2, DEVELOPMENT 
DEVELOPMENT _ 
PROGRAM 


) @ PHASE 3 CONTRACTOR'S DEVELOPMENT 
| >>> Pp (INCLUDING ARMAMENT) 
“CONTRACTOR | 
WITH IROQUOIS’ 
@) 


[a ms weatnes | 
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PHASE 6 INTENSIVE FLYING | 
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Ficure 24. Development allocation. 
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Valua- 
t pilot. LANDING GEAR MALFUNCTION 
FiGure 25 (top left). Before touch-down. 
| FIGURE 26 (top right). At touch-down. 
Figure 27 (above). Arrow veering off runway following release 
of brake parachute. 
iB 4) Figure 28 (right). Aerial view of aircraft ground run and final 
weight attitude. 
ce the | 
— The following comments were extracted from the 
veight. | pilots’ reports: — 
y.. and The nosewheel can be lifted off by very gentle 


Ib movement of stick at just over 120 knots. 
Unstick speed is about 170 knots A.S.I., with an 


ver as | aircraft attitude of about 11°. 
te the Acceleration is rapid, with negligible correction 
check required, and no tendency to swing. 
check Typical touchdown speed is a little over 165 
snegine knots (the normal landing procedure is to stream 
- the drag chute on touchdown when the nosewheel 
| has settled). 
— There was no indication of staliing at the maxi- 
ona mum angle of attack at 15°. 
| Stability steadily improved with speed. 
= Change of trim was negligible except in the tran- 
a sonic region, where small changes of trim were 
| required. 


| No attention was required by the pilot to prevent 
over-controlling. 

| In turns, stick force was moderate to light, but 
always positive with no tendency to pitch up or 

| tighten. 

In sideslip, the aircraft was a little touchy with- 

| out the damper, but excellent with damper switched 

| on. 


To quote the pilots, “In general, the handling 
characteristics and performance of the aircraft agreed 
well with estimates.” 
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This series of flights provided an excellent start to: 
our flight test programme. After the Stage One flying, 
the first aircraft was given a thorough inspection and 
was flying again on 7th June on Stage Two Testing. 
On the [1th flight on 11th June, we had an unfortunate 
accident due to a failure of the undercarriage, which put 
the aircraft out of commission for several months. 
Because of the excellent photographic coverage which 
we obtained of the accident, we were able to assess the 
cause very quickly. The aircraft had touched down 
with the port leg twisted, and was in this condition 
during the whole of the 4,000 ft. run. I have inciuded 
some of these photographs as a matter of interest. 

Figure 25 shows the aircraft just before touch-down, 
indicating the port leg in a twisted condition; Fig. 26 
shows the aircraft just on touch-down with the leg being 
dragged sideways and the tyres just beginning to smoke. 
Fig. 27 shows the aircraft just as it ran off the runway 
into the soft earth, snapping off the undercarriage; and 
Fig. 28 shows the path taken on landing. 

Aircraft Nos. 2 and 3 have now taken ever the bulk 
of the current flight test programme and, in proving the 
flight envelope, have flown at speeds considerably in 
excess of those achieved on the first aircraft. 


EVALUATION 

It is interesting to note that in Canada the flight 
evaluation set-up is a little different to that in the 
United Kingdom, where the government establishments 
at Farnborough and Boscombe Down are available for 
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extensive development flying, and similarly, at Wright 
Field, Eglin Field, and others in the United States. 

In Canada, the prime contractor takes on the job 
of all the initial development flying and evaluation, with 
R.C.A.F. crews assigned to work alongside. The final 
performance evaluation is made at the R.C.A.F. Central 
Experimental and Proving Establishment at Rockcliffe. 

Later, armament evaluation will be carried out at the 
R.C.A.F. Air Armament Evaluation Detachment at 
Cold Lake, Alberta, and all-weather evaluation at the 
Climatic Detachment, located near Edmonton, Alberta. 
The Cold Lake airfield site covers 10 square miles, and 
the 4,000 square miles range is large enough for un- 
restricted missile and rocket firing. Electronic optical 
theodolites are used for tracking and photographing 
aircraft and missiles. High speed cameras, spotting 
scopes and telemetry systems are also used in tracking 
missiles. This facility is probably one of the largest 
overland ranges in the world. 

With regard to our own flight testing, we have had 
the added problems of operating from a busy commer- 
cial airport adjacent to the plant and have to tie our 
flight testing in with scheduled commercial flights. 
However, with as many as 30 flights a day on the 
CF-100, we have had little problem with this, due to 
the excellent co-operation of the Department of Trans- 
port controllers. 

Before operating the Arrow from Malton, the ques- 
tion of noise was raised, since the installed thrust of 
the Arrow is well over twice that of the CF-100. A 
considerable number of noise frequency and pressure 
levels were analysed before flight. However, so far, it 
has been obvious that the actual noise levels encoun- 
tered during all conditions of taxi, take-off, landing, 
engine run-up, and so on, present no greater problem on 
the Arrow than they did on the CF-100 and, in fact, 
are considered to be less than at least one of the com- 
mercial aircraft operating from the same facility. 


Defence Environment 


The overall defence system for the North American 
Continent is now generally well known. The D.E.W., 
or Distant Early Warning Line is the first line of defence 
and runs from Baffin Island to Alaska, over the far 
North of Canada. The second line is the Mid-Canada 
Line, provided by Canada, and the third line is the 
Pine Tree Line, which was jointly financed by the 
United States and Canada. 

These three lines are supplemented at the ends by 
inshore and offshore pickets (Fig. 29). In addition, 
there exists an airborne network of early warning air- 
craft fitted with powerful radar. Practically the whole 
of this warning network lies in Canadian territory. 

A Semi-Automatic Ground Environment System 
(S.A.G.E.) developed in the Lincoln Laboratories in 
Boston, is now being set up to provide a complete sur- 
veillance and weapons control system. All information 
in a particular area can be presented on a master scope 
and the S.A.G.E. system is capable of transmitting the 
data to the interceptor electronically to provide an auto- 
matic intercept (Fig. 30). 
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FiGureE 29. North American warning network. 


Since North American Air Defence (N.O.R.A.D) 
now controls the complete Air Defence system of the 
North American Continent in an emergency, the Arrow 


weapon system will be operating within this environ. | 


ment (Fig. 31). 


Weapon System Concept 

The ultimate responsibility for the Arrow “Weapon 
System” including the aircraft, the ground support 
equipment, and the base facilities, rests with the Royal 
Canadian Air Force and the Department of National 
Defence, who created the operational requirement and 
will eventually operate the weapon system. 

In the interest of better control and co-ordination of 


the development and production of the Weapon System, , 


a group was formed within the R.C.A.F. under the 
direction of an Assistant for Arrow Weapon System 
(A/AWS), reporting to the Chief of Aeronautical En- 
gineering, R.C.A.F., who has been delegated “ Technical 
Authority” for the programme. 
made up of R.C.A.F. engineering officers drawn from 
the various specialist engineering directorates. 

A’ portion of the management responsibility of the 
A/AWS is sub-contracted to the aircraft supplier, Avro, 
who, as “ Co-ordinating Contractor,” undertakes much 
of the detail co-ordination of the whole programme, 
subject to monitoring by A/AWS. 

The Arrow programme is a colossal undertaking for 


The group is largely | 


Canada, and up to the present time it has required the | 


co-operation and integration of all the responsible 


agencies within our country, and I would like to empha-— 


sise the “national” nature of the project. 

some 650 individual companies engaged in the pro- 

gramme, mostly on sub-contract work for Avro. 
Significant contributions to the programme have 


There are | 


been made by the Canadian Defence Research Board, | 


and the National Aeronautical Establishment in Ottawa. 
where most of the low and medium speed wind tunnel 
work was carried out. We have also received valuable 
assistance from the N.A.C.A. in the United States, and 
the R.A.E. in the United Kingdom in the use of their 
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available in 


facilities where these have not been 


Canada. 


Postscript 

On re-reading my manuscript I was conscious of the 
fact that while it contained most of the important facets 
of the Arrow programme that could be covered inside 
the security limits, it did not even begin to convey the 
human side of the endeavour. 

There were many periods of frustration and in the 
early stages of the programme the project was ON and 
OFF about every three months, while Government and 
the Service wrestled with the problems involved in 
managing and financing such a large project. 

When the programme finally got under way, and the 
engines scheduled for the project fell by the wayside 
one by one, we had to re-design our fuselage three or 
four times, and while the aircraft had been designed 
from the outset with the flexibility to make re-engining 
as simple as possible, it appeared to us that every engine 
manufacturer had gone out of his way to make things 
diferent! Some engines had three-point mounts, some 
four, and pressure ratios differed, which meant an 
almost complete re-design of the air conditioning system, 
since this is dependent on the engine for its prime 
inputs. 

The R.C.A.F. naturally wanted the best and latest 
integrated electronic system and weapon in the aircraft. 
and finally chose these, after a considerable portion of 
the aircraft had been designed around an earlier system. 

This is. of course, normal to some extent in our 
business. | However, since this is the major military 
project in Canada and involves almost all the aircraft 
and associated industries, the whole Arrow programme 
isin the “ shop window” so to speak, and every set- 
back becomes almost a national calamity! 

This can be quite embar- 
rassing from engineering 
point of view, especially super- 
imposed upon the added pres- 
sures of attempting to meet 
what was probably the most 
advanced contemporary inter- 
ceptor requirement. 
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Figure 31. Arrow environment. 


of national pride and security, if such there can be 
in our peculiar but exciting time. To those of us in 
Canada who have been actively engaged in this project, 
this will be sufficient. 


NOTI 

The opinions which | have expressed in this lecture 
do not necessarily coincide with those of the R.C.A.F., 
the Canadian Government, or Avro. 

I wish to thank my colleagues in the Engineering 
Division at Avro for their kind assistance in the pre- 
paration of some of the material for the lecture and, 
particularly, Mr. R. F. Marshall who struggled with the 
art work and diagrams, to finish them in almost zero 
time, and my secretary, Mrs. Salter, for her patience in 
sorting out a readable manuscript from a collection of 
almost illegible scribbled noies and garbled records. 
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However, we have survived 
so far, and from the results of 
our flying up to the present, 
there is every reason to 
believe that Canada’s biggest 
military venture will emerge 
from a state of national dis- 
cussion to become source 
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Picure 30. S.A.G.E. operation. 
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VOTE OF THANKS 


DR. MOULT: The lecture had been a most interesting one 
in the best traditions of the Commonwealth Lectures. The Avro 
Arrow was an impressive aircraft; it was a complex piece of 
machinery, like most aircraft nowadays, and it had been a 
success because of thoroughness, attention to detail and excel- 
lent planning from the beginning. Great credit was due to 
Mr. Floyd, to his Company and to Canada for their achieve- 
ment. 

It was not the custom to have a discussion after the Com- 
monwealth Lecture, and he would ask Mr. N. E. Rowe, C.B.E., 
B.Sc., F.C.G.I., M.L.Mech.E., F.R.Ae.S., Technical Director of 
Blackburn and General Aircraft Ltd., and a Past President of 
the Society, to propose the vote of thanks. 


MR. ROWE: They had heard an account of a great enter- 
prise, courageous in its conception, in its execution and 
distinguished by the resolute pursuit of an extraordinary variety 
of problems, all done in parallel with a very difficult programme 
of production “from the board.” He congratulated the lec- 
turer, not only on his lecture, but on being the leader of 
such an enterprise. 

There was no doubt that Canada had an extreme aware- 
ness of the importance of aeronautics for peace; that had been 
made evident by the lecturer; they knew it also from the 
tremendous Canadian activity in the civil field and from the 
contributions from Canada to this particular series of lectures. 
In 1948 Mr. James T. Bain had lectured on “ Aircraft and the 
Airlines—A Canadian View ”; in November 1949 they had had 
“Inter-City Transport Development on the Commonwealth 
Routes” by Mr. H. Aitken; in 1955 “The Growth of Aero- 
nautical Research in Canada During the Post-War Decade ” by 
Dr. J. J. Green: now there was Mr. Floyd’s lecture, and to 
complete the picture they had had in this same series a most 
stimulating lecture by Mr. B. S Shenstone “ Why Airlines are 


Hard to Please.” Obviously Canada was interested in the 
widest range of aeronautics and had the clearest idea of jts 
importance for war and for peace; if one were prepared for 
war then one could ensure peace, so Canada was supporting 
the whole field of aeronautics in a most complete way. 

The nature of a modern, complex aircraft involved 
tremendous weight of effort and he was not surprised to hear 
that 650 firms in Canada had been engaged on the Arrow 
project and that it was the major item in the whole Canadian 
aircraft industry. Such an effort required co-ordination of a 
high order and a vast system of pre-flight testing to ensure 
success. The wisdom displayed in this aspect of the work 
and the engineering that went into the project was proved by 
the successful first flight which they had seen on the film and 
which had been most impressive. 

The last time he had spoken at a Commonwealth Lecture 
had been when he was President and introduced Dr. Green, 
who also gave a classic lecture. On that occasion he had com- 
mented that the lecture was originally devised to form a focus 
for the aeronautical problems of the Commonwealth and he 
thought that the series had achieved this. To judge from his 
remarks, that opinion was shared by Mr. Floyd who would like 
the focus to be brought to practical reality by a meeting of 
Commonwealth Aeronautical Engineers, something which 
probably all engineers in the audience would be only too 
delighted to see. 

Mr. Floyd’s lecture was a stimulus to all in the Common- 
wealth, showing vis'on in concept with resolution and skill in 
attack on most difficult problems; not only had they tackled 
and solved the most difficult problems in aircraft design but. 
also. those of the most advanced jet engine practice. 

Such lectures as these strengthened the position of aero- 
nautics throughout the Commonwealth and added greatly to 
the prestige of the Society; in this sense especially they offered 
their warmest thanks to Mr. Floyd. 


Following the Lecture a Dinner was given at 4 Hamilton 
Place at which the following were present— 


Dr. A. M. Ballantyne, T.D., B.Sc., Ph.D., Hon.F.C.A.I., A.F.I.A.S.. 
F.R.Ae.S., Secretary, Royal Aeronautical Society. Air Commodore F. R. 
Banks. C.B.. O.B.E., Hon.F.1.A.S., M.I.Mech.E., F.R.Ae.S., Director Bristol 
Aeroplane Co. Ltd.; Member of Council and Vice-President. A. D. Baxter. 
M.Eng., M.I.Mech.E., F.R.Ae.S., Chief Executive, Rockets and Nuclear 
Energy, de Havilland Engine Co. Ltd.; Member of Council. Marshal of 
the Royal Air Force, Sir Dermot Boyle, G.C.B., K.C.V.O., K.B.E., A.F.C., 
Chief of the Air Staff. Major G. P. Bulman, C.B.E.. B.Sc.. F.R.Ae.S., 
Honorary Treasurer; Member of Council and Past President. A. F. Burke, 
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Aeroelastic Problems Associated with 


High Speeds and High Temperature 
by 


E. G. BROADBENT, M.A., A.F.R.Ae.S. 


; (Royal Aircraft Establishment) 


SuMMARY: Two simple examples of aeroelastic effect are given in which chordwise distortion 

is important. The first relates to static distortion of a solid wing at high temperature using 

non-linear relations derived by Mansfield. 

stabilising as regards divergence, but leads to considerable loss of lift. The second example 
shows that chordwise distortion can reduce the flutter speed of a flat plate. 


|, Introduction 

Two years ago the author wrote a paper entitled 
“Aeroelastic problems in connection with high speed 
flight”! which was intended as a fairly general survey 
of the aeroelastic problems that have to be faced in 
ihe design of high speed aircraft. The effects of kinetic 
heating were mentioned only in a general way. Since 
then more than one paper has discussed the importance 
of kinetic heating in aeroelastic phenomena at high 
speed, with particular reference to the loss of torsional 
stiffness? °°. The theme of the present paper is that 
of chordwise distortion. The treatment is by no means 
rigorous, but the simple examples considered are thought 
0 provide a useful idea of the order of some possible 
effects. 

The first example deals with the loss of stiffness of a 
solid wing at high temperature and is based on some 
recent work by Mansfield’ *’. Mansfield has obtained 
expressions for the losses in both torsional and bending 
tiffmess due to thermal stresses and he finds that the 
wo effects are of about equal magnitude*. Further, 
when the wing bends in one plane, e.g. spanwise, it also 
bends in the plane at right angles, and the chordwise 
distortion thus induced gives rise to additional aero- 
dynamic forces. These forces are stabilising (in relation 
(0 wing divergence) and lead to a loss of lift in the 
same manner as occurs through the bending of a swept- 
back wing. The second example (in which, however, 
no allowance is made for thermal effects) deals with 
the effect of chordwise distortion on wing flutter and 
shows that the flutter speed can in this case be reduced. 
Brief mention is also made of panel flutter which could 
become more important at high temperatures. 

More accurate assessments of the magnitude of the 
effects mentioned in this paper will, no doubt, be 
obtained on practical designs in the near future. On 


| the evidence of the rather extreme examples considered 


here, however, it seems unlikely that they will have a 
serious effect on design. The well-known problem of 
lading edge divergence (which is distinct from the 
fects considered here) must not, of course, be 
forgotten. 


‘Work on the same lines as Mansfield’s has been carried out 
independently by Kochanski and Argyris‘®). 


A Section Lecture given to the Society on 18th February 1958. 


is shown 


that the chordwise distortion is 


NOTATION 
B flexural rigidity (F/) 
C torsional rigidity (G/) 
M_ Mach number 
M total bending moment on the section 


A 


M non-dimensional bending moment 
T torque on the section 
7 temperature difference between the edges and 
mid-chord 


T non-dimensional torque 
V strain energy 
a speed of sound 
chord 
p pressure 
q_ generalised co-ordinate 
thickness 
t, mid-chord thickness 
chordwise dimension 
spanwise dimension 
= vertical dimension 
() change of incidence due to distortion 
z incidence 
x coefficient of thermal expansion 
» y/span 
4 rate of twist 
k spanwise curvature 
« non-dimensional spanwise curvature 
chordwise curvature 
 Poisson’s ratio 
x/chord 
p air density 
* non-dimensional temperature difference 


2. An Example of Aeroelastic Distortion 
including Thermal Effects 

For a solid parabolic section of a two-dimensional 

wing (see Fig. 1) Mansfield gives a set of relations 

connecting the torque, the bending moment, the twist 


— 


FiGure 1. Wing cross-section. (Vertical dimensions magnified 


ten times). 
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VOTE OF THANKS 


DR. MOULT: The lecture had been a most interesting one 
in the best traditions of the Commonwealth Lectures. The Avro 
Arrow was an impressive aircraft; it was a complex piece of 
machinery, like most aircraft nowadays, and it had been a 
success because of thoroughness, attention to detail and excel- 
lent planning from the beginning. Great credit was due to 
Mr. Floyd, to his Company and to Canada for their achieve- 
ment. 

It was not the custom to have a discussion after the Com- 
monwealth Lecture, and he would ask Mr. N. E. Rowe, C.B.E., 
B.Sc., F.C.G.I., M.LMech.E., F.R.Ae.S., Technical Director of 
Blackburn and General Aircraft Ltd., and a Past President of 
the Society, to propose the vote of thanks. 


MR. ROWE: They had heard an account of a great enter- 
prise, courageous in its conception, in its execution and 
distinguished by the resolute pursuit of an extraordinary variety 
of problems, all done in parallel with a very difficult programme 
of production “from the board.” He congratulated the lec- 
turer, not only on his lecture, but on being the leader of 
such an enterprise. 

There was no doubt that Canada had an extreme aware- 
ness of the importance of aeronautics for peace; that had been 
made evident by the lecturer; they knew it also from the 
tremendous Canadian activity in the civil field and from the 
contributions from Canada to this particular series of lectures. 
In 1948 Mr. James T. Bain had lectured on “ Aircraft and the 
Airlines—A Canadian View ”; in November 1949 they had had 
“Inter-City Transport Development on the Commonwealth 
Routes” by Mr. H. Aitken; in 1955 “The Growth of Aero- 
nautical Research in Canada During the Post-War Decade” by 
Dr. J. J. Green: now there was Mr. Floyd’s lecture, and to 
complete the picture they had had in this same series a most 
stimulating lecture by Mr. B. S. Shenstone “ Why Airlines are 


Hard to Please.” Obviously Canada was interested in the 
widest range of aeronautics and had the clearest idea of jts 
importance for war and for peace; if one were prepared for 
war then one could ensure peace, so Canada was supporting 
the whole field of aeronautics in a most complete way. 

The nature of a modern, complex aircraft involved 3 
tremendous weight of effort and he was not surprised to hear 
that 650 firms in Canada had been engaged on the Arrow 
project and that it was the major item in the whole Canadian 
aircraft industry. Such an effort required co-ordination of a 
high order and a vast system of pre-flight testing to ensure 
success. The wisdom displayed in this aspect of the work 
and the engineering that went into the project was proved by 
the successful first flight which they had seen on the film and 
which had been most impressive. 

The last time he had spoken at a Commonwealth Lecture 
had been when he was President and introduced Dr. Green, 
who also gave a classic lecture. On that occasion he had com- 
mented that the lecture was originally devised to form a focus 
for the aeronautical problems of the Commonwealth and he 
thought that the series aad achieved this. To judge from his 
remarks, that opinion was shared by Mr. Floyd who would like 
the focus to be brought to practical reality by a meeting of 
Commonwealth Aeronautical Engineers, something which 
probably all engineers in the audience would be only too 
delighted to see. 

Mr. Floyd’s lecture was a stimulus to all in the Common: 
wealth, showing vision in concept with resolution and skill in 
attack on most difficult problems: not only had they tackled 
and solved the most difficult problems in aircraft design but, 
also, those of the most advanced jet engine practice. 

Such lectures as these strengthened the position of aero- 
nautics throughout the Commonwealth and added greatly to 
the prestige of the Society: in this sense especially they offered 
their warmest thanks to Mr. Floyd. 


Following the Lecture a Dinner was given at 4 Hamilton 
Place at which the following were present— 


Dr. A. M. Ballantyne, T.D., B.Sc., Ph.D., Hon.F.C.A.1., A.F.LAS., 
F.R.Ae.S.. Secretary, Royal Aeronautical Society. Air Commodore F. R. 
Banks. C.B.. O.B.E., Hon.F.1.A.S., M.I.Mech.E., F.R.Ae.S., Director Bristol 
Aeroplane Co. Ltd.; Member of Council and Vice-President. A. D. Baxter. 
M.Eng., M.I.Mech.E., F.R.Ae.S., Chief Executive, Rockets and Nuclear 
Energy, de Havilland Engine Co. Ltd.; Member of Council. Marshal of 
the Royal Air Force, Sir Dermot Boyle, G.C.B., K.C.V.O., K.B.E., A.F.C., 
Chief of the Air Staff. Major G. P. Bulman, C.B.E., B.Sc., F.R.Ae.S.. 
Honorary Treasurer; Member of Council and Past President. A. F. Burke, 
O.B.E., President, Society of British Aircraft Constructors Ltd. W. G. F. 
Burns, A.F.R.Ae.S., Civil Aviation Adviser to the High Commissioner for 
Australia. 

Sir Sydney Camm, C.B.E., F.R.Ac.S., Chief Designer and Director. Hawker 
Aircraft; Member of Council and Past President. J. R. Cownie, B.Sc.(Eng.), 
Grad.R.Ae.S., Chairman of the Graduates’ and Students’ Section and Member 
of Council. Sir George Cribbett. K.B.E., C.M.G., Deputy Chairman, British 
Overseas Airways Corporation; 1950 British Commonwealth Lecturer. 

M. A. S. Dalal, M.A.(Cantab.), LL.B., Regional Manager, Air-India 
International Corporation. Handel Davies. M.Sc... A.F.1.A.S., F.R.Ae.S., 
Deputy Director General, Future Systems, Ministry of Supply; Member of 
Council. W. Dirkse-van-Schalkywk. Acting High Commissioner for the 
Union of South Africa. Lord Douglas of Kirtleside, G.C.B., M.C., D.F.C., 
Chairman, British European Airways. Sir George Dowty, Hon.F.C.A.I., 
F.1.A.S., M.I.Mech.E., F.R.Ae.S., Chairman and Managing Director, Dowty 
Group; Past President. 

Sir George Edwards. C.B.E., B.Sc... F.R.Ae.S., Managing-Director, 
Vickers-Armstrongs (Aircraft) Ltd.; Member of Council; Immediate Past 
President. 

Sir William’ Farren. C.B.. M.B.E., M.A.. F.R.S.. M.I.Mech.E.. 
Hon.F.I.A.S., F.R.Ae.S., Technical Director. A. V. Roe and Co. Ltd.; Member 
of Council; Past President. J. C. Floyd, F.C.A.I., M.I.A.S., F.R.Ae.S., 


Vice-President, Engineering, Avro Aircraft Ltd.; 14th) British Commonwealth 
Lecturer. 

Dr. G. W. H. Gardner, C.B.. C.B.E.. F.R.Ae.S.. Director, Roval Aircraft 
Establishment; Member of Council. H. H. Gardner. B.Sc., F.R.Ae S.. Director 
and Chief Engineer (Military Aircra:t), Vickers-Armstrongs (Aircraft): Ltd 
Member of Council. 

R. E. Hardingham, C.M.G., O.BE.. F.R.Ae.S.. Secretary and Chief 
Executive, Air Registration Board; 1952 British Commonwealth Lecturer 

E. T. Jones, C.B., O.B.E.. M.Eng... F.R.Ace.S.,. Deputy Controller of 
Overseas Affairs, Ministry of Supply: Member of Council and Past President 

M. B. Morgan, C.B.. M.A., F.R.Ae.S.. Deputy Director, Royal Aircraft 
Establishment; Member of Council. Dr. E. S. Moult, C.B.E.. B.Sc.. F.R.AeS 
Director and Chief Engineer, de Havilland Engine Co. Ltd.; Member of 
Council and Vice-President. Sir Cyril Musgrave, K.C.B., Permanent Secretary 
Ministry of Supply. 

John Nash, A.F.R.Ae.S., Astra Airera‘t Corporation; Member of Council 
of Southern Africa Division of the Society. 

J. H. Parkin. C.B.E., F.R.Ae.S., Consultant to Division 
of Mechanical Envineering. National Research Council of Canada.  Colone! 
R. L. Preston, C.B.E., A.F.R.Ae.S., Secretary-General, The Royal Aero Club 
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Society 1925-51. 

_ Squadron Leader R. C. G. T. Rogers. D.C.Ae.. A.F.R.Ae.S., RAF 
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Aeroelastic Problems Associated with 


High Speeds and High Temperature 
by 


E. G. BROADBENT, M.A., A.F.R.Ae.S. 
(Royal Aircraft Establishment) 


SUMMARY: Two simple examples of aeroelastic effect are given in which chordwise distortion 

is important. The first relates to static distortion of a solid wing at high temperature using 

non-linear relations derived by Mansfield. It is shown that the chordwise distortion is 

stabilising as regards divergence, but leads to considerable loss of lift. The second example 
shows that chordwise distortion can reduce the flutter speed of a flat plate. 


|, Introduction NOTATION ee 

Two years ago the author wrote a paper entitled 
“Aeroelastic problems in connection with high speed M (GJ) 
fight” which was intended as a fairly general survey ry, 
of the aeroelastic problems that have to be faced in A tota ' n ing moment ss e section 
ihe design of high speed aircraft. The effects of kinetic M non-dimensional bending moment 
heating were mentioned only in a general way. Since Q=T/6 


then more than one paper has discussed the importance T torque on the section C4 
of kinetic heating in aeroelastic phenomena at high 7 temperature difference between the edges and - 
yeed, with particular reference to the loss of torsional __mid-chord is 
stiffness: The theme of the present paper is that T non-dimensional torque 

of chordwise distortion. The treatment is by no means V strain energy 

rigorous, but the simple examples considered are thought a speed of sound 

0 provide a useful idea of the order of some possible ce chord 

effects. pressure 


generalised co-ordinate 
thickness 

mid-chord thickness 
chordwise dimension 


The first example deals with the loss of stiffness of a q 
lid wing at high temperature and is based on some t 
recent work by Mansfield’ Mansfield has obtained 
expressions for the losses in both torsional and bending y spanwise dimension 
stiffness due to thermal stresses and he finds that the > vertical dimension 
wo effects are of about equal magnitude*. Further, ®) change of incidence due to distortion 
when the wing bends in one plane, e.g. spanwise, it also z incidence 
bends in the plane at right angles, and the chordwise x coefficient of thermal expansion 


distortion thus induced gives rise to additional aero- 7 Yy/span | 
dynamic forces. These forces are stabilising (in relation # rate of twist 
‘0 wing divergence) and lead to a loss of lift in the . Se 
same manner as occurs through the bending of a swept- f non-dimensional Spamwise curvature 
back wing. The second example (in which, however, » ‘ekaeess satin 
no allowance is made for thermal effects) deals with € x/chord 
the effect of chordwise distortion on wing flutter and pair density 
shows that the flutter speed can in this case be reduced. © non-dimensional temperature difference 
Brief mention is also made of panel flutter which could 
become more important at high temperatures. 2. An Example of Aeroelastic Distortion 
More accurate assessments of the magnitude of the including Thermal Effects 
efects mentioned in this paper will, no doubt, be For a solid parabolic section of a two-dimensional 
obtained on practical designs in the near future. On wing (see Fig. 1) Mansfield gives a set of relations 
the evidence of the rather extreme examples considered connecting the torque, the bending moment, the twist 


here, however, it seems unlikely that they will have a 
serious effect on design. The well-known problem of 
leading edge divergence (which is distinct from the 
effects considered here) must not, of course, be 
forgotten. 


‘Work on the same lines as Mansfield’s has been carried out 
independently by Kochanski and Argyris\*), FiGuRE 1. Wing cross-section. (Vertical dimensions magnified 
A Section Lecture given to the Society on 18th February 1958. ten times). 
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FIGURE 2. 


per unit length, the curvature spanwise, the curvature 
chordwise and the section properties. 

The required relations use a number of non- 
dimensional parameters: these (except for Poisson’s 
ratio, v) are distinguished by a circumflex accent and 
are defined as follows: — 


(1) 
CK 
kK 4/51, . (2) 
$= 
Mc? 
M= . (4) 
= (5) 
Mansfield’s relations now are: — 
6-6) 
140-9) 
kK { - 


It can be seen that equation (6) gives the torsional 
stiffness which falls with increasing temperature differ- 
ence (6), but is also influenced by the spanwise 
curvature. Equation (7) gives the bending stiffness 
which, because of its dependence on 7/#, also falls 
with increasing temperature and for the solid parabolic 
wing falls to zero at the same temperature difference 
as does the torsional stiffness. The relation between 
the spanwise and chordwise curvatures, which depends 
also on the twist per unit length, is given by equation (8). 
The equations are non-linear so that the distortion of 
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a wing with a known thermal stress distribution under 
aerodynamic loading cannot be satisfactorily calculated 
by simply reducing the bending and torsional rigidities 
by fixed amounts. The stiffness, in fact, depends on 
the magnitude and type of the loading. 

The physical nature of the loss of stiffness should, 
perhaps, briefly be mentioned. In the case of torsion 
the outward thrusts on a chordwise section exerted by 
the leading and trailing edges (which are in compression) 
are inclined to the undistorted plane of the wing by an 
amount proportional to the deformation. The thrusts 
therefore have components normal to the section which 
yield a moment assisting the deformation. In the case 
of bending, as the wing is bent up, hogging of the 
chordwise sections takes place, so that the outward 
thrusts on a section act below the inward pull (the 
middle of the wing being in tension) again giving 4 
moment which assists the deformation. The reason for 
the hogging is in part due to Poisson’s ratio (the anti- 
elastic curvature effect) and in part due to the tendency 
of the thermal stresses to relieve themselves, which they 
can do if the middle of the wing bends into a tighter 
circle than the edges. 

To represent the mechanism of equations (6) to (8), 
it has therefore been necessary to use an example in 
which the actual moments and torques are introduced. 
For this purpose the wing could not be two-dimensional 
although, of course, the two-dimensional — structural 
assumption is still used. The wing considered is a solid 
steel rectangular biconvex wing, of aspect ratio three, 
clamped at the centre line (see Fig. 2). The (thickness 
chord) ratio is 0-02. It is assumed to have reached a 
Mach number of 3-0 at 20,000 ft. altitude and at the 
instant under consideration the temperature difference 
between the edges and centre line is 133°C (see Fig. 3). 
The wing is supposed to be set at 0-O1 radian of 
incidence at the root and the problem is to determine 
the distorted form of the wing in a condition of equili- 
brium. 

Physically one can imagine the following sequence 
of events taking place: — 

(a) The wing is at 0-01 radians incidence every- 

where and thus acquires lift forces and hence 
bending moments. 

(b) These forces bend the wing up (equation (7) 

and cause it to hog chordwise (equation (8)). 

(c) The wing acquires nose-down aerodynamic 

torques from the chordwise distortion. 


TEMPERATURE RELATIVE 
TO MID-CHORD VALUE 


150°C 


100°C 


ADI TRAILING 
DING EDGE 
> 
-05 0-5 
FiGuRE 3. Chordwise temperature distribution. 


from 
It is 
has 1 
idop 


Man 
the | 
of al 
aeroe 


Toot | 


| 
reas 
mid 
Fig. 
that 
unc! 
mak 
negl 
sti 
{rip 
29 diffic 
ofa 
‘ot 
the 
nose 
wing 
ata 
 fexil 
flexu 
the 
defle 
( 
( 
| 


1958 


Ider 
ated 
ities 
On 


uld, 
sion 
by 
an 
“USTS 
hich 
Case 
the 
vard 
(the 
wa 
1 for 
anti- 
ency 
they 
rhter 


) (8), 
le in 
iced. 
jonal 
tural 
solid 
hree, 
1ess 
ed a 
t the 
rence 
3), 
n of 
mine 
quili- 


Jence 


1 (7) 
8)). 


(d) The wing twists nose down (equation (6)). 

(e) The wing acquires incremental down loads and 
bending moments which reduce the upward 
curvature. 

This process can be thought of as going on until 

the wing settles down in equilibrium. 

To reduce our example to practical proportions the 
wing has been divided into only three strips of equal 
size (see Fig. 2). The aerodynamic forces are evaluated 
by means of the very simple “piston theory” in which 
thickness effects are neglected: this assumption is 
rasonable at a Mach number of 3:0. The curvature 
of strip C is supposed to be constant and determined 
entirely by application of equations (6) to (8) at a section 
mid-way between sections B and C, i.e. section 3 of 
Fig. 2. The loads on strip C act at its middle point 
and the deflection of strip C is obtained by assuming 
that the curvatures calculated for section 3 apply 
unchanged from B to C. When we come to the inmost 
ection, A, the flexibility is investigated mid-way 
between A and the clamp, é.e. section | of Fig. 2. These 
assumptions may seem a little ludicrous because of the 
mall number of strips, but a small number of strips 
makes for clarity in an illustrative example, and the 
assumptions would be sound enough (except for the 
neglect of end effects*) if applied to a large number of 
strips. 

In applying the step by step process outlined a 
difficulty arises which can perhaps best be understood 
by considering an analogous problem, that of distortion 
of a swept-back wing. When a swept-back wing bends 
up it acquires nose-down incidence directly whereas 
the nose-down incidence of our problem is brought 
about by the chordwise distortion which induces a 
nose-down aerodynamic torque. Suppose a swept-back 
wing, clamped at the root, is given positive incidence 
ata forward flight speed, and suppose the wing is very 
fexible in bending. For simplicity we can assume a 
fexural axis along the aerodynamic centre (although 
his assumption is not necessary to the argument) so 
hat no structural torsion takes place. Now we apply 
the step by step method to find an equilibrium 
ieflection: - 

(a) Assume 0-01 radians incidence initially. 

(b) The up bending moments cause a loss of 
incidence which may greatly exceed the initial 
positive incidence if the flexibility is great 
enough; say — 0-04 radians increment at the tip. 

(c) The induced down bending moments are greater 
than the up bending moments of step (4) and 
cause a greater down swing to, say, +0°1 
radians at the tip. 

This sequence, which has been greatly exaggerated 
‘om normal practice, will obviously not converge, but 
tis important to realise that this lack of convergence 
tas no physical significance: it is simply that we have 
adopted an unsuitable method of calculation. The true 


Mansfield") has examined the nature of the end effects, and in 
the present example they would be important for a distance 
of about | C from each end. At the tip the effect on the 
aeroelastic behaviour of the wing would be slight, but at the 
toot it would be considerable. 
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physical process (neglecting inertia effects) is that the 
bending moments would rapidly die away as the wing 
bent and lost incidence, and the motion would stop 
when equilibrium was reached. Mathematically the 
incremental distortions follow a geometric progression 
(under certain simplifying assumptions) with a negative 
factor, r say, and if r|=>1-0 the series does not 
converge. The method can be made to work quite 
easily, however, even if |r| > 1-0 by multiplying r by 
a reducing factor; /.e. we only allow a suitable fraction 
of each calculated distortion increment to take place. 
Finally we may note that in practice a highly swept-back 
wing is unlikely to diverge, even though considerable 
adverse torsion takes place, because the bending flexi- 
bility is so stabilising. Leaving this digression and 
returning to our example, we shall find results of the 
same type as those of the swept-back wing. 


2.1. THE AERODYNAMIC FORCES 

The required forces are the aerodynamic lift and 
pitching moment about the half chord due to uniform 
incidence and also due to parabolic chordwise distortion. 
Linearised piston theory gives: — 


Hence, if F. is the lift on strip C due to incidence z, 

Fo=p@Me7c . 3 (10) 

similarly the nose-up moment on a strip T is given by: — 
T= pa’Mcr’ | wdx 


The torque due to incidence and the lift due to 

curvature are both zero. The bending moments at 

sections |, 2 and 3 are: 


M, Foy 

(12) 

2 Cc 4 
9c Je 

The torques are: -—— 
| 


(13) 


2.2. SOLUTION OF THE EQUATIONS 

The value of © was found to be 0:4 which is less 
than the value for buckling although large enough to 
expect considerable effect of temperature. The first set 
of bending moments (for 0:01 radians incidence) 
were: 


|0-3255 
M,|—|0-1736| (14) 
|0-0434 


| 
| 
Very- 
hence 
der. 
2 ( B 
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and these gave rise to curvatures « and hence «’ from 
equation (8)* 
[0-04415 
c{«’} =|0-02905 | . (15) 
0:00829 


The resulting torques gave a set of torsional angles @, 


®,| |—0-00501 | 
@,/=|-0-01074] . . (16 
®.| | -0-01217 


Thus another step in the calculation would have started 
with net values of (@.+ 2) negative for strips B and C. 
To prevent this only half of the distortion was allowed 
to take place, and in the subsequent step by step analysis 
this factor of a half was retained. The procedure for 
solution was as follows: — 


Suppose we begin a step of the calculation with: — 


=({@)}, | 


{M} and {T} can now be evaluated from {z} + {@}, 
and {x’} respectively so that, since ~ and v are known, 
the only unknowns in equations (6) and (7) are {6} and 
{&}. These equations (for each of the three stations) 
are written: — 


(17) 


- 048-0413 /2" (18) 
1:3M 
where T/6 ; (20) 


and the values of JT and M are known. (1/«) is plotted 
against Q for equations (18) and (19) of which equation 
(18) gives a real solution for only a small range of Q 
so that the graphical solution is easy. This gives a 
new set of @’s, say {@}, ca. The distortion through 
this step is however factored by k, say, so that the 
(®’s for the next step are given by: — 


{@}.={@},- AU @}, care] (21) 


and similarly for the «’s. 


2.3. THE RESULTS 


Convergence of the process \ as poor, as is often 
the case when iterations are pe:iurmed in terms of two 
variables. The convergence can be followed by plotting 
the assumed value of each of the six parameters 
(three 6’s and three «’s) against the corresponding 


*Owing to the rather curious sign convention used in flutter 
work these are positive: the important thing to remember, 
however, is that bending up span-wise leads to hogging 
chordwise. 


calculated value, when the results gradually settle on to 
a straight line of unit slope through the origin. In ou; 
case the results tended to spiral inwards towards th 
required line, and this proved to be a slow process, 
The calculated incidence distribution in equilibrium js 
given by 
0-785 
. 
0-455 


so that about half the initial incidence is lost over 
the outer part of the wing. The total lift ratio for the 
flexible wing to the rigid wing, sometimes called the 
efficiency factor, is 0:621. The corresponding factor 
in terms of root bending moment is 0-514. The tip 
deflection for the wing is also less than would be 
calculated on simple beam theory (without either 
thermal effects or antielastic curvature) the ratio being 
():753; evidently the loss in stiffness is less important 
than the reduction in loading. The induced chordwise 
curvature is such that the edges of the root strip (where 
the curvature is greatest) are displaced by 0-00345¢ 
from the tangent at midchord: this can be compared 
with the deflection of the edges due to the initial 
incidence (+0-005c). it is in this aspect of the calcu- 
lation, however, that the greatest departure from reality 
occurs, in as much as the root restraint would great 
reduce the curvature in this region. 

The other feature of interest is the degree of non- 
linearity exhibited by Mansfield’s equations. This will 
obviously depend on the initial assumptions, but for 
our example of 0-01 radians basic incidence the effect 
of non-linearity is indicated by the variation in flexural 
stiffness over the span. This is given by: —- 


{0-666 
. . . @ 


0-615 


These numbers, as can be seen from the definitions 
given earlier, give the ratio of the effective bending 
stiffness to the basic value B. The non-linear effects 
are not large, but would doubtless have been greater 
for a greater initial incidence. 


3. The Effect of Chordwise Distortion on 
Flutter of a Flat Plate 
In this example the wing is assumed to be a flat 
plate of constant thickness clamped along one edge and 
in an air stream of Mach number 2:0 at sea level (see 
Fig. 4). The distortion is expressed in terms of three 
generalised co-ordinates g,, g. and q, as: ~~ 


c 
2 
where 7 is a non-dimensional spanwise co-ordinate 
given by: — 


(q, Eqs + &q,) ‘ (24) 


2 
Z=N 


N 
and € is a non-dimensional chordwise co-ordinate givel 
by: — 
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| = 


n=2:0 


= c 


| 
1 Ficure 4. Flat plate wing. 


These modes satisfy the root clamping condition, and 
are also easy to deal with aerodynamically. The 
generalised aerodynamic forces for three modes of this 
type were evaluated by Mr. D. E. Williams using the 
method of Miles®’’. They were obtained for several 
frequency parameters, but it was found that by express- 
ing them in the standard British form of aerodynamic 
inertias, dampings and_ stiffnesses, the values were 
sensibly constant over the practical range of frequency 
parameters. 

It may be thought that modes 2 and 3 represent 
an unusual choice in that they are respectively a torsion 
mode and a chordwise bending mode with a nodal line 
running along the leading edge. In fact, however, since 
they all have the same dependence on 1 this does not 
impose any restriction; e.g. the more natural displace- 
ment function given by: —- 


isidentical with equation (24) if: - 


— | 


and linear transformations of this sort do not, of course, 
affect the solution. 

The critical flutter conditions were obtained from 
Lagrange’s equations: the aerodynamic terms give the 
generalised forces on the right-hand side, and the left- 
hand side is obtained from the kinetic energy and strain 
energy. For this purpose the plate was given a variable 
thickness tf and assumed to be made of steel. The 
expression for the strain energy of a flat plate is: — 


24 (1 - v?) ox? dy? 


area 


TABLE I 
"Degrees of Freedom Used Critical Plate Thickness/ 
0:0069 
00082 


and the elastic coefficient F,, is given by: — 


av 
where ¢ is the thickness of the plate, and & is Young’s 
modulus. 
The results of the flutter calculation are given in 
Table I. 


It would be unfair, in view of the simplicity of the 
assumed modes, to regard these results as being very 
significant quantitatively, but it is interesting to note 
that the inclusion of chordwise distortion increases the 
range of flutter. We may note that the stiffnesses of 
the plate are proportional to the thickness cubed, and 
that the frequencies are proportional to the thickness 
directly. 

It may be perhaps inferred that for a_ practical 
aircraft wing chordwise distortion of this type is unlikely 
to be very important. The results of Table I are at 
least of the same order, and an aircraft wing will 
probably be tapered and also have greater depth near 
mid-chord, both of which factors are likely to have 
favourable effects. 


4. Panel Flutter 

Another phenomenon involving chordwise defor- 
mation that may be important at high speeds and high 
temperatures is that of panel flutter. This is a compli- 
cated subject with a considerable literature of its own 
so that it cannot be given proper consideration here. 
The reason for mentioning it is to draw attention to the 
fact that buckled panels are much more likely to flutter 
than those which are not buckled, and of course thermal 
stresses might well lead to the local buckling of panels 
if the structure is not very robust. The thickness 
required to prevent flutter of a buckled panel may be 
almost double that of an unbuckled panel. 


REFERENCES 


1. Broappent, E. G. (1956). Aeroelastic Problems in Con- 
nection with High Speed Flight. Journal of the Royal 
Aeronautical Society, Vol. 60, p. 459, July 1956. 
BISPLINGHOFF, R. L. (1956). Some Structural and Aero- 
elastic Considerations of High Speed Flight. Journal of the 
Aeronautical Sciences, April 1956. 
Horr, N. J. (1956). Approximate Analysis of the Reduction 
in Torsional Rigidity and Torsional Buckling of Solid 
Wings under Thermal Stresses. Journal of the Aeronautical 
Sciences, June 1956. 
4. Buptansky, B. and Mayers, J. (1956). Influence of Aero- 
dynamic Heating on the Effective Torsional Stiffness of 
Thin Wings. Journ.l of the Aeronautical Sciences, 
December 1956. 
Arayris, J. H. (1956). The Aircraft under Stress and Strain. 
Inaugural lecture at Imperial College, London, May 1956. 
6. MANSFIELD, E. H. The Influence of Aerodynamic Heating 

on the Flexural Rigidity of a Thin Wing. Unpublished 

M.O.S. Report. 


to 


‘a 


= 
“195 
1954 
IM js | 
| 
Over 
| the / 
be 
| 
2 
| 
= 
| 
| 
| 
4 
ag 
— 
a 
‘ 


872 VOL. 62 


7. MANSFIELD, E. H. Combined Flexure and Torsion of a 
Class of Thin Kinetically Heated Wings—A Large Deflec- 
tion Analysis. Unpublished M.O.S. Report. 

8. ArGyris, J. H. and Kocnuanskt, S. L. (1957-58). Some 
Effects of Kinetic Heating on the Stiffness of Thin Wings. 
Aircraft Engineering. Part I, October 1957 (Corrigendum 
December 1957); Part II, February 1958. 

9. Mires, J. W. (1951). The Oscillating Rectangular Aero- 
foil at Supersonic Speeds. Quarterly of Applied Mathe- 
matics, April 1951. 


NOTES ON THE DISCUSSION 


The discussion which followed the lecture was of an 
informal nature and was not restricted entirely to the 
specific subjects dealt with by the lecturer. Some of the 
interesting points that were raised were : — 


(By Mr. H. Templeton (the Chairman) and Mr. 
Kirkby). That success at supersonic speeds (e.g. of civil 
aircraft) was likely to depend quite critically on the drag, 
which would in turn be affected by any form of distortion. 
Did this mean that there would be serious new design 
problems? 

In reply the lecturer thought there would be some 
weight penalty to stabilise the skins on aircraft with large 
surface areas, although he could not guess how severe this 
would be. As regards the first example of his lecture. he 
thought that the loss in flight effectiveness might in some 
circumstances lead to the need for larger stabilising fins. 


(By Mr. W. G. Molyneux). That, particularly on 
missiles it was necessary to cope with very high accelera- 
tions as well as high speeds. If a wing or control surface 
carried a localised mass, the high acceleration would cause 
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it, in effect, to give rise to a positive or negative torsional 
stiffness according as to whether it was behind or ahead of 
ine appropriate torsional axis. 

The lecturer agreed that this effect would exist but he 
could not say how important it would be, and in_ this 
connection Mr. D. J. Johns thought the effect was not 
likely to have much practical importance. Professor A. R. 
Collar pointed out that whatever effect occurred during 
acceleration there would be an opposite effect during 
deceleration. 


(By Dr. E. H. Mansfield). That the method of solution 
used by the lecturer in his first example was akin to 
relaxation methods and that any error in the process 
would not affect the final solution. 

The lecturer agreed that this was so. 


(By Professor A. R. Collar), That in his first example 
the lecturer had specifically excluded two effects —that of 
corner divergence, and that of the body freedoms —and he 
wondered if the lecturer had any views on the importance 
of these additional degrees of freedom. 

The lecturer agreed that he had excluded these effects 
mainly so as to examine one thing at a time. He thought 
that corner divergence would certainly be important on the 
wing used in the example, but on the other hand if the 
leading edge corner were cut off, as is common in practice 
at high supersonic speeds, then corner divergence would be 
prevented without greatly affecting the type of deformation 
considered in the lecture. As regards the body freedoms, 
he did not see how they could in practice affect the stability 
of the problem although he agreed that they would 
influence the degree of aeroelastic deformation in the 
equilibrium condition. 
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Measurements of Skin Friction 


Turbulent Wall Jet 


A. SIGALLA 


(Formerly British and Steel Research Association now Transport Division, Boeing Aircraft Cos) 


SUMMARY: Results of an experimental investigation of the distribution of skin friction along 
the wall of a plane turbulent wall jet are presented. The measurements show that it is possible to 
describe the variation of skin friction coefficient by a formula similar to the Blasius formula 
which is based on experimental results of turbulent pipe flow. 
considering the inner layer of fluid between the wall and the position where the velocity is a 
maximum as a boundary layer with an outer uniform free stream of velocity equal to the local 


maximum velocity. 


Other measurements of velocity distribution indicate that within the experimental range and 
accuracy, the velocity profiles in the jet are similar and that the rate of change of velocity and 
width of the-jet can be expressed by simple power laws. These results are then partially 

compared with theory. 


|. Introduction 


The boundary layers on the walls inside furnaces 
commonly differ from those of aerodynamics in that 
there is no clearly defined outer uniform free stream. 
They are characterised in addition by the presence of 
turbulent shear stresses in the flow at points well away 
fom the wall, where not only does the behaviour of 
the mean flow appear to be insensitive to changes in 
the magnitude of the viscosity of the fluid, but it also 
appears to be almost unaffected by the magnitude of 
the shear stress at the wall. For example, the boundary 
layer, whose outer flow is a long shallow “cavity” of 
recirculating fluid along the roof of a furnace, is of this 
pe and so are the boundary layers on furnace walls 
where jets of fluid from burners impinge. The latter 
flow is similar to the flow of the “‘wall jet” treated by 
Glauert theoretically. 

The term “wall jet” was introduced by Glauert® 
(0 describe the flow of fluid from a nozzle flush with a 
wlid surface discharging into surroundings of similar 
composition. Glauert developed the theory for this 
flow, for laminar and turbulent flow conditions and in 
ach case for a plane and axisymmetric system. 

For an axisymmetric wall jet, that is the radial flow 
formed when a jet impinges normally on a plane surface 
and spreads out fanwise, Bakke“) has compared the 
main features of the flow with Glauert’s theory and 
found that on the whole good agreement was obtained. 
The aim of the present experiments with an approxi- 
mately two-dimensional wall jet was not initially a 
comparison with Glauert’s theory, but rather the 
measurement of shear stress at the wall and to investi- 
gate the possibility of defining a consistent skin friction 
wefficient by considering the “inner layer” of fluid 
from the wall to the position where the velocity is a 
maximum, as a boundary layer with a uniform outer 
free stream of velocity equal to the local maximum 
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in a Plane 


This is simply achieved by 


velocity. This required, in addition tc the measurement 
of skin friction, measurements of velocity profiles at 
different positions along the jet and thus, although the 
experimental procedure was not as accurate as would 
be required for a thorough comparison with Glauert’s 
theory, it was possible to obtain information relevant 
to it. 

The method of shear stress measurement was that 
due to Preston®, and is based on the fact that in all 
types of shear flow past a wall, there is a region of 
local dynamical similarity near the wall such that when 
a Pitot tube of small dimensions is in contact with its 
surface the reading of the instrument is related to the 
local shearing stress between the fluid and the wall. 


NOTATION 
x distance measured along wall from nozzle 
exit 
y distance perpendicular to wall 
d_ outer diameter of Pitot tube 
a_ width of nozzle 
U, free stream velocity 
U_ velocity at a point in x direction 
U, maximum velocity at any station along the 
wall 
U, uniform velocity at nozzle exit 
6 boundary layer thickness 
6, value of y where U=U, 
value of y. farthest from wall, where U =4U, 
shear stress along wall 
p density 
» kinematic viscosity 
C, local skin friction coefficient 
Reynolds number 
K universal constant, defining eddy viscosity 
z disposable constant in Glauert’s theory 


2. Apparatus and Experimental Procedure 

The apparatus is shown diagrammatically in Fig. 1. 
The wall was a flat plate of polished steel, 6 in. wide 
and 36 in. long, placed horizontally on a supporting 
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frame. To obtain two-dimensional flow, wooden fences, 
8} in. high, were fixed near the edges of the plate and 
at right angles to it. 

The air was supplied by a centrifugal blower with 
an outlet pipe of 23 in. internal diameter. This was 
followed by a diffuser with a cone angle of about 7:2”. 
To minimise the effects of separation in the diffuser, 
screens were fixed at the inlet, in the middle position 
and at the outlet, which had a diameter of about 7 in. 
This was followed by a straight pipe 3 in. long, with 
a fine screen about one inch from its outlet. The outlet 
was then blocked by a thin sheet of metal and the 
discharge nozzle was formed by cutting a rectangular 
slit in the metal sheet. The details are shown in Fig. 1. 

A is the 7 in. outlet pipe, B the screen, C the plate 
forming the lower part of the nozzle with a bleed at D. 
The side walls of the nozzle were formed by small 
extensions of the fences -, with bleeds at each side 
The size of the nozzle at discharge was 0°313 = 5-2 in. 

Preliminary measurements showed that the velocity 
distribution at the nozzle was practically uniform. 
Farther downstream, however, and despite the fences, 
there were small and irregular departures from two- 
dimensional flow which could not be attributed to 
errors of measurement. These irregularities were 
probably due to non-uniformity in the inflow. of 
surrounding air which was being drawn into the 
turbulent jet (see Forthmann™). Nearer the wall, and 
along a central lane about 1} in. wide, the departures 
from two-dimensional flow were less than +3 per cent 
from the mean and all measurements were averages of 
two or three measurements, taken inside this region. 

The velocity distribution along the plate was 
measured by means of a total-pressure tube, 0-0325 in. 
external diameter, connected either to an ordinary water 
filled U-tube manometer or an inclined tube manometer 
read to an accuracy of 0-01 in. of water. The shear 


Ficure |. Experimental arrangement. All lengths in inches, 


stress distribution on the wall was measured mostly 
with a similar Pitot tube, with a ratio of internal to 
external diameter of about 0-605. This tube had 
previously been calibrated in a pipe, and it was found 
that the calibration curve was practically the same as 
that given by Preston®’. As a further check on the 
accuracy of the method, spot checks on the readings 
were made with two larger tubes with outer diameters 
of 0-035 and 0-040 in. respectively. In all cases the 
values of the shear stress obtained with the different 
Pitot tubes agreed within the limits of experimental 
error. 

The velocity distributions and surface shear stress 
were measured at distances of one in. to 20 in. from 
the nozzle. At each station, Pitot tube traverses were | 
made perpendicular to the wall and the velocities were 
computed by assuming the static pressure to be atmos- 
pheric everywhere. In fact, near the nozzle the static 
pressure was slightly higher than atmospheric, but this 
small effect was neglected in the calculations. — The 
accuracy of positioning the Pitot tube was about 0-005 
in. No corrections were applied to the readings and it 
was expected that those nearest the wall and_ also 
farthermost from it would be in error. 

Experiments were made in a range of nozzle 
discharge velocities from about 140 to 320 ft. per second. 
The air temperature and the barometric pressure were 
recorded for each experiment. 


3. .Note on the Measurements of Skin 
Friction 

A comment is required here on the effect Pitot tube 
size had on the accuracy of the measurements of skin 
friction. Preston’s method requires that the size of the 
tube should be small in comparison with the thickness 
of the boundary layer, as the reading of the instrument | 
must be related to a velocity inside the layer of “wall 
similarity.” Yet, as will be seen, consistent results were 
obtained with tubes of different sizes when their 
diameters were in some cases of the order of one quarter 
the thickness of the “inner layer.” Presumably. this 
was due to the velocity profile changing very slowly 
from its “wall similarity’ logarithmic form near the 
wall to a ‘“‘velocity defect type” form near the edge of 
the inner layer, so that within the three per cent accurac) 
of the measurements it would not be possible to detect 
any significant departure of velocity profile from the 
logarithmic form up to about one quarter thickness of | 
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Effect of instrument size on measurement of skin 
friction in a boundary layer. 
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FIGURE 2. 


the inner layer. Nevertheless, it was desirable to 
confirm this by measuring skin friction in a resembling 
boundary layer where the value of skin friction 
coefficient could be obtained by different means, For 
this reason, an experiment was made with an ordinary 
turbulent boundary layer on a smooth flat plate inside 
a wind tunnel. 

The experimental arrangement and method have 
been described elsewhere (Sigalla“’) and the result is 
shown in Fig. 2. The vertical axis is the skin friction 


N 


WALL JETS 


coefficient C; based on the velocity at the edge of the 
boundary layer and the horizontal axis is the ratio of 
the diameter of different Pitot tubes, d, to the local 
thickness of the boundary layer 6. The value of C; as 
obtained from the Ludweig and Tillmann formula 
(Schlichting, p. 471) for the conditions of the experi- 
ment was approximately 4-0 x 10~*, where the values 
of the momentum and displacement thicknesses were 
evaluated from an experimental velocity profile to an 
accuracy of about three per cent. It is seen that in so 
far that the flow near the wall in a wall jet is similar 
to that of a constant pressure boundary layer, very 
little error is introduced by measuring skin friction with 
Pitot tubes with a diameter of the order of one quarter 
the boundary layer thickness. Incidentally, the experi- 
ment also provides indirect evidence on the considerable 
range of overlap of the regions of ‘“‘wall similarity” and 
fully turbulent flow for the boundary layer considered 
and at the particular Reynolds number. The value of 
the latter based on local momentum thickness was 
about 1-3 « 10°. 


4. Experimental Results 
4.1. SKIN FRICTION MEASUREMENTS 

It was first desired to investigate the possibility of 
defining a local coefficient of skin friction by an 
empirical formula of the Blasius type. The Blasius 
formula is based on a study of turbulent pipe flow and 
is also known to be in moderate agreement with experi- 
ment for a certain range of Reynolds number for flow 
along a smooth flat plate (Goldstein, p. 361). The 

formula is then written in the form 


008 
| 0-045 ( 
| . 
g : g where 6 is the thickness of the boundary 
\ layer, U, is the velocity in the main stream 
lee alle ae at the edge of the boundary layer, p and 
are the density and kinematic viscosity 
of the fluid respectively and =, is the shear 
x/a | stress. 
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Ficure 5. Decay of maximum velocity along wall. 


Accordingly, the results for the wall jet were plotted 


as shown in Fig. 3 in the form C, ee) against v/a. 


Here C, 
flow at any given distance + 
along the wall, 6, is the ve 
where the velocity is equal 
of the nozzle at exit. 


, U, is the maximum velocity of the 


from the nozzle measured 
rtical height from the wall 
to U, and a is the width 


It is seen that C; ( : :) is nearly constant for 


x/a greater than about 20 


and that this constant is 


2pproximately equal to 0-0565. For smaller values of 
x/a the coefficient appears to decrease and would 
presumably tend to 0-045 inside the nozzle where the 


conditions under which the 
derived are approached. 


4.2. 


Blasius formula had been 


VELOCITY MEASUREMENTS 


Figure 4 is a dimensionless plot of velocities obtained 
from a number of traverses at six positions between 
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FIGURE 6. Rate of spread of jet with distance from nozzle, 


30 and 64 nozzle widths, downstream of the nozzle, 
The abscissa indicates the height y normal to the wall 
measured in terms of the distance 6., where the distance 
6, is defined as the height farthest from the wall where 
the velocity is }U,’.. The ordinate gives the measured 
velocity U in terms of U,. It is seen that in the range 
of the experiments, 3:5 10! 10, 
it is not possible to detect any departures from similarity 
in the velocity profiles. 

Figure 5 is a plot of U,/U, against x/a, where U, 
is the uniform velocity at the nozzle exit. The velocity 
is seen to remain consiant for about 10 nozzle widths 
from exit and then decays somewhat in the same manner 
as for a freely expanding plane jet. The formula fitted 
to this data is 


U,/U, 3-45(") 


For a similar flow the variation U,ccx has been 
previously obtained experimentally by Forthmann™ and 
Zerbe and Selna"’. 

Figure 6 is a plot of ©,/a@ against x/ a: it is seen 
that the points lie close to a line drawn from the centre 
of the nozzle and inclined at an angle of 3-7 to the 

wall. There is, however, an 


GLAUERTS PROFILE FOR = 1-2 
© EXPERIMENT 


appreciable scatter of experi- 
mental points and it is only 
possible to say that the ex- 
ponent for a power law repre- 
sentation of the rate of spread 
of the jet is near unity. 


Figure 7. Comparison of 
theoretical velocity profile 
and experiment. 
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5, Comparison with Theory 

Although the experiments were not designed to 
provide a detailed comparison with Glauert’s results it 
is possible to compare them partially with the theory. 

The shape of the velocity profile given by Glauert 
depends on a parameter z which is related to KR*. Here 
K isa universal constant to be determined by experiment 
and is related to the eddy viscosity of the flow in the 
outer region of the jet beyond the position of the velocity 
maximum U,. R is the local jet Reynolds number 


U 


defined by R In Fig. 7 the experimental 


points for a profile at 62% 10") are 
compared with Glauert’s profile for z— 1-2. This value 
of 2 was chosen to give the best agreement with 
experiment. Glauert’s profile was obtained from the 
diagrams of his paper and no high accuracy of repro- 
duction can be claimed. The deviation between the 
experimental profile and Glauert’s solution near the 
outer edge of the jet is as expected (assumption of 
constant eddy viscosity in this region) and in any case 
that is the region where our experiments were the least 
accurate. Similarly the deviation very near the wall 
could be attributed to instrument position errors. With 
this value of z, Glauert’s equations (9-7) and (9-8) give 
asmean-results: Oc 6,0c “Phe corres- 
ponding results obtained by experiment were approxi- 
mately U, OC. and 6, 

Glauert also uses the Blasius formula in the form 


0-045 ( 


the behaviour of the eddy viscosity near the wall. 
Should this formula be altered by changing the 


0-25 


to make a plausible estimate of 
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numerical coefficient from 0-045 to 0:0565, the only 
corresponding change in the results from the theory 
would be a small alteration in the values of KR? given in 
Glauert’s Table I. Thus the value for the constant K 
as determined by Bakke for the axisymmetric wall jet 
would be 0-017 instead of 0-013. 

The profile shown in Fig. 7 was for a Reynolds 
number approximately equal to 6-2 x10'. The value 
of K corresponding to this Reynolds number was 0-011, 
this value being calculated from Glauert’s Table I. 


NOTE 

The work described was performed while the author 
was with the Fluid Dynamics Section of the British Iron 
and Steel Research Association. 


REFERENCES 


1. Bakker, P. (1957). An Experimental Investigation of a 
Wall Jet. Journal of Fluid Mechanics, 2, p. 467, 1957. 
2. FORTHMANN, E. (1934). Uber turtulente Strahlaustreitung. 
Ingenieur-Archiv, 5, 42, also N.A.C.A. T.M. 789. 1934. 
3. Grauert, M. B. (1956). The Wall Jet. Journal of Fluid 
Mechanics, 1, p. 625, 1956. 
4. GoLpsTEIN, S. (Ed.) (1938). Modern Developments in Fluid 
Dynamics, Vol. 2. Oxford University Press, 1938. 
Preston, J. H. (1954). The Determination of Turbulent 
Skin Friction by Means of Pitot Tubes. Journal of the 
Royal Aeronautical Society, 58, p. 109, February 1954. 
6. SCHLICHTING, H. (1955). Boundary Layer Theory. Pergamon 
Press, London, 1955. 
7. SiGacva, A. (1958). British Iron and Steel Research Associa- 
tion Report, P/2/58. List 92, 1958. 
8. Zerpe, J. and Seta, J. (1946). An Empirical Equation for 
the Coefficient of Heat Transfer to a Flat Surface from a 
plane Heated-air Jet directed Tangentially to the Surface. 
N.A.C.A. T.N. 1070, 1946. 


. 
1958 = 
A 
\ 
| 
f 
4 


Simulation Techniques in Aeronautics 


by 


. J. FOODY*, M.Sc., Grad.R.Ae.S., and R. J. A. PAULT, B.Sc.(Eng. 
(Eng. ) 


(*Short Brothers and Harland Ltd.; 


1. Introduction 
1.1. GENERAL REVIEW 

The science of aeronautics has developed rapidly in 
a very short space of time, when one reflects on the 
remarkable achievements which have been made since 
the advent of powered flight just over fifty years ago. 
This rapid advance has made the aircraft designer more 
keenly aware of any new design techniques which would 
assist him in his further understanding of the problems 
involved. In the pioneering days of aircraft develop- 
ment the aerodynamic characteristics were obtained 
largely at the flight test stage of a design. Through 
time, however, the designer learned that quite a lot of 
useful information could be obtained from ground tests 
in wind tunnels, and he therefore made use of an aero- 
dynamic simulation in its broadest terms, in the form 
of a wind tunnel model. This was an important advance 
in design technique in that the concept was established 
of evaluating performance by means of a “‘model,” in 
the initial stages of a project design. A much later 
generation of aircraft resulted in the need for automatic 
and power control aids to flight. Further advances have 
resulted in completely pilotless and automatic flight. 

The addition of auto-pilots, auto-stabilisers and 
power controls introduce many more variables into the 
behaviour of an aircraft, which would under normal 
circumstances extend the flight test programme to a 
very considerable extent. In this extension of tests the 
basic aerodynamics, while necessary, are not funda- 
mental, as it is the auto-pilot feedbacks and power 
control charactéristics which are subject to variation. 
The latter are sometimes referred to as “black boxes,” 
and it cannot be too strongly emphasised that this 
conception leads to a dangerous state of mind, in that 
they are often regarded as extras to be fitted to the 
aircraft at the final stages of development. These black 
boxes are, in fact, essential control elements of the 
complete aircraft and should be regarded as such in all 
stages of design. It is not surprising, therefore, that 
to cope with the ever-increasing number and complexity 
of problems involved in the design of such machines, 
the designer has learned to make use of a “‘dynamic 
model”’ to represent aircraft performance. 

With the introduction of electronic computers the 
means for constructing an electronic model or 
“analogue” were immediately available in a flexible 
manner. The computer, when used as a model of a 
dynamic system, so designed that it gives useful infor- 
mation about the system, is defined in this paper as a 
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simulator. The simulator technique has now become 
an important design tool. The continued advances in 
aircraft characteristics to meet more ambitious specifi- 
cations are such, that the successful method of control 
adopted in today’s aircraft is no guarantee that it will 
also be successful when applied to those now in the 
project design stage. In this work a simulation of 
the problem can quickly confirm or refute original 
ideas and provide a physical insight into the system 
performance. The design can, therefore, proceed in 
logical stages with the psychological advantage to the 
designer in that ultimate performance can be assessed 
with considerably more confidence. In the simulation 
of a control system, great care must be taken that the 
simulator is realistic, consistent in terms of component 
accuracy and that it is organised to make the maximum 
contribution to the design progress and proving. It is 
the aim of this paper to outline some of the simulation 
problems and the various techniques which are used. 
We propose to confine ourselves to a small fraction of 
the possible field and deal mainly with the simulation 
techniques involved in the development of a new 
aircraft or guided missile from the initial design stage 
to the final flight stage. 


1.2. THE BASIC SIMULATION PROBLEM 

The simulation of a system presents several problems 
and there are various methods of approach which may 
be used. 

This may best be explained by considering the 
system shown in Fig. | as a typical example. Fig. | 
is a simplified diagram of the simulator loop for 
investigating the dynamic stability of an aircraft. The 
aircraft simulator comprises a computer to solve the 
equations representing its performance. The aircraft 
controller may be a human operator (i.e. the pilot) or 
an auto-pilot whose purpose is to stabilise the aircraft 
after a desired manoeuvre or against an external disturb- 
ance. In the initial stages of a project design the 
aircraft simulator would probably be used alone in order 
to optimise the desired open loop characteristics of the 
aircraft, i.e. the inherent aerodynamic stability to an 
external disturbance without the corrective action of 
the aircraft controller. This optimisation of constants 
of the equations involved would probably be carried 
out on an analogue computer which has the facility of 
operating much faster than the real time sequence of 
events. Thus the problem can be speeded up and the 
effect of varying parameters is immediately apparent. 
If a high degree of accuracy is required, a digital 
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fguRE 1. Simplified simulator diagram of aircraft stability. 


ymputer may be used finally to confirm the optimised 
sults which may only be accurate to a few per cent. 
The simulation of the closed loop performance of the 
aircraft as shown in Fig. | is a more difficult problem. 
initially the auto-pilot, if not available as a unit of 
jardware, would be simuiated on an analogue computer. 
The human operator may be simulated but this simu- 
tion presents many difficulties (discussed later) and 
imay be preferable to include the actual pilot in the 
mulation loop. This study is usually carried out on 
ihe ground but it is equally feasible to perform this 
york in the air by using simulators in an available 
ircraft to modify its aerodynamic performance to that 
equired, i.e. by feeding it with synthetic aerodynamic 
jeivatives. The authors have no up to date experience 

f this latter technique, but it would appear to have 
many attractions particularly when the human pilot is 
avolved. 

As the investigation proceeds, various items of 
tardware are designed and made and it is usual to 
nclude these as they become available in the simulation 
op, by replacing their simulation counterparts. When 
his stage is reached the computers used in the simu- 
tion must Obviously operate in real time as they are 
Operating in conjunction with system hardware. 
4s shown later this reflects on the type of computer 
vhich may be used. 

The simulation problem may thus be seen to be the 
poblem of building a dynamic model of the aircraft 
xtformance, and in logical stages to make this model 
4s tealistic as possible by using as much system hard- 
ware as is available, until finally the initial flight trial 
lage is reached. 

More detailed aspects of the simulation problems 
volved are outlined in the following paragraphs. 


13. COMPUTING METHODS 

Before dealing with the application of computers in 
the simulation loop, it is considered desirable to deal 
dtiefly with the two main types of computer, i.e. those 
based on digital techniques and those based on analogue 
echniques. 


13.1. Digital Computers 

Essentially the digital computer does sums in simple 
discrete steps (digits) whereas the analogue computer 
iraws a graph and uses continuous variables. 

The modern digital computer can be regarded simply 
% an automatic device capable of performing mathe- 
matical operations, usually by a process of addition, 
ég. multiplication by means of repetitive addition, 
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integration by summation and trigonometric functions 
by means of a converging series. Because of this 
method of solution, the various mathematical operations 
must be reduced to simple arithmetical ones, i.e. 
programming of the machine is required. 
The basic units of the digital computer, shown in 
Fig. 2, are as follows: — 
(a) device for 
instructions. 
(6) A means of storing instructions and numbers 
to be held for future operations. 
(c) A device to interpret the instructions and to 
ensure that the correct operations are carried 
out in the correct sequence. This is usually 
called the control unit. 
(d) An arithmetic unit for performing the calcu- 
lations. 
(e) An output unit to convert the results into a 
useful output form. 
Most digital computers operate in the binary code, 
i.e. digits have only two states, either a “zero” or a 
“one” value. Thus two binary digits have four possible 
arrangements and in general » binary digits have 2" 
arrangements. These binary digits are represented by 
sequences of electrical pulses separated in time by 
periods of the order of one micro-second. A number 
of these digits of the order of 30 is classed as a “‘word.”’ 
Although the time duration of each digit is extremely 
short the digital computer operating in a series mode 
is relatively slow, because of the great number of digit 
movements to be performed even for a simple problem. 
In general, the digital computer is not fast enough in 
Operation to operate in real time. Thus it cannot 
normally be used in a simulator in which actual physical 
components or a human operator are component parts 
of the control system. 
Its main advantage in comparison with the analogue 
computer is that it can be made as accurate as desired, 
at the expense of computing time and because of the 
detailed splitting of each calculation it is extremely 
versatile. More detailed considerations of the digital 
computer are given in Refs. 1 and 2. 


accepting input data and 


1.3.2. Analogue Computers 
The analogue computer differs from the digital 
computer in several respects, chief of these being, as 
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FicureE 2. Basic units of a digital computer. 
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already stated in the method of solution, the continu- ox or 
ously variable solution of the analogue machine as —\v - 90 
opposed to the finite step solution of the digital. The ti 2 art sol 
accuracy of the analogue computer is thus dependent on ant 
the accuracy of performing the various mathematical — 
functions and is adversely affected by changes in com- a lati 
ponent parameters, whereas in the digital computer a fiw tha 
finite change in component values can be tolerated no 
without any resulting computing errors. or Wie dif 
The term “analogy” means similarity of properties ang 
or relations without identity. Where there are analogous Zz | equ 
systems, results from an investigation into the behaviour b) EQUIVALENT ELECTRICAL SYSTEM sho 
of one system serve as a guide to the performance of ee inv 
the other systems. As a simple example consider the 
movement of a mass m along a smooth horizontal 
surface against a damping force and spring force as re incl 
shown in Fig. 3(a). UNIT 
F, represents the input force and F., represents the ; sale 14 
restraining force. F. comprises two forces, the damping L_ ° PL 
force F,, and the spring force 
(f= viscous friction coefficient) c) 1.0 
Ass¢ 


(2) “m" SIMUATOR SINLATOR SIGN. CHANGER con 


and | v.dt 


The equation of motion of the system is: — | 

| ™m 
| = 
dt° dt 
figu 
or (a) Typical mass spring system. as f 
d2x f dx k F (b) Equivalent electrical system. 
‘de * X- =0 (4) (c) Analogue of systems—differential analyser technique. 
(d) Analogue of system—direct simulation technique. 
where x is the deflection of the mass m. FIGURE 3. Principles of analogue computation. 

Fig. 3(b) shows an electrical system consisting of 195! 
an inductance L, a resistance R and a capacitance C. adding, integrating and sign reversal stages are based | “ll 
The equation representing this system is on the use of high gain negative feedback amplifiers } Vt 

in the electronic computer, coefficient values being | 
bape 6) adjusted by the resistive scaling units. 

a Another electrical network may be constructed as Dut 
where E(t) is the applied voltage and q is the charge. shown in Fig. 3(d) to represent the mechanical system, = 
If L=m; R—f; 1} =k and E(t)=F, to some particular in which the transfer function of each component is = 

c ee simulated and the various simulated components linked | "¢ 
scale, then the variation of displacement with time in together in the same way as the physical components. for 
(a) and the variation of charge with time in (4) are The mass simulator is based on the fact that 

15. 


t t 


identical. Thus we may predict the behaviour of the 
mechanical system by studying the behaviour of the 
analogous or equivalent electrical system. 


m m 


The electrical network shown in Fig. 3(c) also 0 0 varic 
erpeonents the mechanical system by simulating the The terms F, and F, are obtained as shown and 
dynamic equation of motion. This network is derived incl 
by assuming that exists at point “a,” producing 

dx acce 
and x by successive integration and then adding and [oat 
these terms in the proportions indicated by the appro- ' zone 
priate coefficient. In this way the original assumption The electronic analogue computer works on the prin the 
is made valid since the output voltage of the adder is ciple of setting up equivalent (or analogous) networks | ses 
minus the sum of the input voltages. The various to represent the dynamic performance of the problem | ‘¥ste 
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or system under investigation, with voltages at various 

ints representing particular variables. Its use in the 
glution of the network (Fig. 3(c)) is called the differ- 
ential analyser technique, and its application in the 
manner indicated by Fig. 3(d) is called the direct simu- 
lation technique. The advantage of the latter attack is 
that the equations of motion representing the system are 
not necessary and in many cases might be extremely 
dificult to obtain. It may be noted that the network 
analyser technique is, based on the setting up of 
equivalent passive electrical networks similar to that 
shown in Fig. 3(b) to represeiit the system under 
investigation. 

A general review of analogue computing is given in 
Refs. 3 and 4 and the detailed aspects will not be 
included in this paper. 


|.4. RELATIVE COSTS OF COMPUTING EQUIPMENT 

A precision analogue computer comprising about 
2) computing amplifiers and associated computing net- 
works and equipment would cost in the region of 
£6,000. 

In the U.S.A. a common rule of thumb pricing is 
000 dollars per amplifier; this figure includes all 
associated equipment’. Thus a 20 amplifier analogue 
computer would cost about 20,000 dollars which is a 
similar figure to the British price. 

The cost for a general purpose digital computer 
having a storage capacity of about 8,000 words is about 
{50,000. This figure would include ancillary equipment 
wch as input and output units. It is interesting to 
note the increase in use of computers and published 
figures in the U.S.A., together with future estimates, are 
as follows: - 


Sales in Dollars Forecast 
1954 1964 


170 million 900 million 


Digital computers li 
6 million 32 million 


Analogue computers 
1955 sales of analogue computers were about 10 million 
dollars, but this includes a 1-5 million installation at 
Wright Air Development Center. 1956 sales are esti- 
mated at 8 million dollars. 

Comparable figures for Britain are not available, 
but one would expect that we are not yet so computer- 
conscious as the U.S.A. Whether this is due to a 
logical assessment of the situation or to our character- 
istic lethargy in adopting new techniques is a matter 
for conjecture. 


15. THE INCLUSION OF SYSTEM HARDWARE IN THE 
SIMULATION 

As the simulator investigations of a system proceed, 
various control components should become available, 
and as already mentioned it is highly desirable to 
include these in the simulation loop. This obviously 
provides a more realistic result, as the characteristics 
of the components may be difficult to simulate with an 
acceptable degree of accuracy, particularly with regard 
‘0 such engineering imperfections as back-lash, dead 
ione, friction and other non-linear effects. Moreover, 
he suitability of the component performance can be 
assessed as control elements of the overall control 
system. 


SIMULATION TECHNIQUES IN AERONAUTICS 881 


Examples of such system hardware would include, 
say, the auto-pilot and actuators or power controls for 
a guided weapon or aircraft. To achieve a repre- 
sentative performance from these units they must be sub- 
jected to similar operating conditions to those achieved 
under flight conditions. Representative aerodynamic 
loads, such as torsion, bending, inertia and side loading 
effects, must be applied. In addition it may be necessary 
to subject them to a simulation of the flying machine 
movement in one or more planes in order to evoke 
the required response. This requirement is particularly 
applicable to the auto-pilot in which the gyroscopes 
sense movement with reference to a fixed datum. This 
movement can be obtained by mounting the relevant 
equipment on a flight table whose angular movement 
in one or more planes follows the relevant aerodynamic 
variables in the aerodynamic simulator. This is dis- 
cussed in more detail later. 


1.6. THE HUMAN OPERATOR AS A CONTROL ELEMENT 

The difficulties associated with the simulation of 
the performance of the human operator in a particular 
system are well known. Referring again to Fig. 1 as 
a typical example of the problem, when the controller 
is the pilot, the performance of the latter can only be 
assessed if he is asked to perform a specific task or, 
alternatively, accept a demanded course of action. If 
the task is simple, such as flying along a constant 
heading flight path, his performance may be obtained 
with a reasonable degree of accuracy if sufficient 
observations are made. In such a case a simulation of 
the performance of the pilot may be justified. In more 
difficult tasks, such as the control of the aircraft in 
three dimensions under arduous conditions, the reactions 
of the pilot are infinitely more difficult to assess as 
these depend more acutely on many factors which are 
subject to wide variations. These factors include 
experience, intuition, physical ability, mental alertness 
and outlook. 

Variation of these factors may be caused by boredom 
and fatigue and fluctuations in attitude of mind. Man 
cannot, therefore, be likened to a physical machine with 
a definite performance, as he is infinitely more unpre- 
dictable and, moreover, his performance may improve 
out of all bounds with experience. The stimuli which 
evoke the pilot’s reactions to a specified task may be 
his awareness of physical movement and forces, i.e. 
“seat of the pants flying,’ visual perception of aircraft 
performance referring to an external reference or to 
his blind flying instruments, audio commands (e.g. 
G.C.A. approach), or more likely a combination of all 
these effects. In gunnery or guided missile systems 
where the aimer is a human operator, the performance 
of the latter is again difficult to assess except for the 
simple tasks. Similar variations in his reactions due to 
the factors already described also apply. 

In the majority of simulation studies it is, therefore, 
considered essential to include the human operator in 
the control loop rather than a simulation of his perform- 
ance. The remaining problem then is to provide him 
with representative conditions in order to evoke realistic 
reactions. How far one should go with the realism of 
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Ficure 4. Simulated Elizabethan cockpit. 


the simulated conditions is a matter for conjecture. 
Despite the realism which can be achieved in the visual 
display and the simulated aerodynamics and controls, 
there remains the problem of providing the operator 
(in his application as an aircraft pilot) with a sense of 
gravitational pull and rates of change of aircraft motion. 
The provision of the latter factors is extremely difficult, 
if not impossible, on the ground. The resultant penalty 
in not providing them may be significant as regards the 
pilot’s performance and this fact should influence the 
degree of realism with which other factors are simulated. 

Another point which must be considered is that 
under actual flying conditions the pilot is acutely aware 
of possible disaster to himself and the aircraft if the 
correct manoeuvre is not carried out. It would appear 
to be difficult to simulate this sense of danger in the 
pilot in a simulated ground test. The use of an airborne 
simulator as already described would appear to be 
attractive in this respect. 

Some aspects of human operator performance are 
given in Ref. 6, and the authors’ experience with the 
problem is outlined in Sections 3 and 4. 


2. Simulation for Pilot Training 
Training aids for pilot and air crew instruction have 
been in general use for some time. The need for these 


was realised as early as 1910 and attempts were made 
at this time to build a form of trainer. 

In 1936, Edwin Link conceived the instrument flying 
trainer of the type we know today. Further develop- 
ment of trainers for service use was carried out during 
the war and various refinements for navigation, inter: 
ception and bombing devices were introduced. These 
trainers were used for basic training purposes. 

Today the relatively crude trainers have given was 
to the modern flight simulator used mainly by the civil 
airlines for the purposes of flight crew familiarisation 
with instrument flying and flight procedure and_ to 
present the trainee with fault conditions which would 
be too dangerous to introduce under actual flying 
conditions. A review of modern trends is given in 
Refs. 7 and 8. 

A typical example is shown in Fig. 4 of the simulated 
cockpit arrangements for the Elizabethan aircraft, as 
designed by Air Trainers Link Ltd. The degree of 
realism obtained by paying attention to the detailed 
layout of the actual cockpit should be noted. 


3. Simulators in Aircraft Design 

While the flight simulator as described in Section ? 
has led the way in the representation of aircraft control 
characteristics on the ground, there is a much mor 
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recent application of the simulator as a tool from the 
design to flight testing stages of a new aircraft or missile. 
In this section, therefore, it is proposed to trace the 
application of what we will call a system simulation 
from the early project stage to the final flight test 
development phase of the aircraft. 


3.1. SIMULATION AT THE PROJECT AND INITIAL 
DESIGN STAGE 

At this stage the system is largely tentative and the 
basic parameters are being established. Three specific 
problems arise which may be outlined as follows: - 

(i) The determination of the correct equations of 
motion of both the aircraft and the systems. 

(i) The solution of the equations. 

(iii) The presentation of the information in a suit- 
able form to the pilot if the machine is 
manually controlled. 

The first of these is a problem of long standing 
dating back to the early formulation of the equation of 
motion of an aircraft by Bryant at the start of the 
century. It is normal to consider the linearised 
equations which are valid for small perturbations about 
the steady states and to assume that no cross coupling 
exists between lateral and longitudinal sets of equations. 
This makes the computing problem quite tractible and 
the dynamics of the aircraft alone can be represented on 
something of the order of 15 amplifiers in an analogue 
computer. Much is sacrificed, however, both from the 
point of the representation of manoeuvring conditions 
and changes in speed and on some types of aircraft it 
may be necessary to consider the generalised equations 
of motion from an early stage in the design. Such a set 
of equations are shown in Fig. 5 and it will be noted 
that the problem of solution now becomes one of much 
greater magnitude and quite a comprehensive computer 
installation is necessary to solve this problem. — If 
general purpose components are in use even the set-up 
problem becomes considerable and a case could very 
well be made for a special purpose flight’ simulator 
computer for this job. 

The system equations also) depend on many 
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Figure 5. Generalised equations of aircraft motion. 
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assumptions, such as, for example, the linearisation of 
the equations of motion for an hydraulic servo, the 
linearisation of gyro characteristics and the over- 
simplification of control hinge moment characteristics. 

Nor should it be assumed that with the determination 
of the form of the equations that the task is complete 
as a theoretical estimate of the value of the derivatives 
must also be made. At the project and initial design 
stage this is largely based on similar configurations 
already tested and on largely empirical curves from 
which reasonable estimation of many derivatives can be 
obtained. It should, however, be borne in mind that 
considerable tolerance exists on these values, which 
can usually be specified in the light of experience and 
if it is shown that desired characteristics are very 
susceptible to changes within the tolerance on any 
derivatives then the designer should tread warily and 
if possible keep something in hand for contingencies at 
a later stage of the design. Very often, of course, 
preliminary wind tunnel tests are available at a very 
early stage in the design and it is certainly desirable 
that this information is made available as soon as 
possible. 

With regard to the solution of the equations it is 
suggested that, irrespective of their form, an accurate 
and acceptable solution can be found if sufficient com- 
puting facilities are available. Many general purpose 
analogue computers exist at the moment in this country 
which will solve dynamic equations of motion to a much 
higher degree of accuracy than the derivatives are 
known and the specific accuracies are gone into in 
Section 5. Examples are the Short Analogue Computer, 
The Saunders Roe Computer and the Elliott G-PAC. 

The problem of the presentation of information in 
a suitable form to the pilot has already been discussed 
in Section |. Considering the solution of the equations 
of motion, the open loop response may be obtained 
by applying a step input such as an elevator or aileron 
movement. By comparing such response characteristics 
with the known characteristics of flying aircraft it can 
sometimes be determined whether or not the aircraft is 
acceptable from a handling point of view and this has 
in general been the design process to date. This may be 
described as the “open loop” approach to aircraft 
stability and for normal aircraft frequency character- 
istics has proved satisfactory. However, in actual 
practice the ‘open loop” is closed by the pilot by 
observing what has happened in response to his stick 
movement and moving the stick as a result of his obser- 
vations so that the desired condition is obtained. As 
already stated the closing of this loop involves the 
response characteristics of the pilot and this introduces 
some difficulty. 

The best solution would appear to be the inclusion 
of the actual pilot and try to build around him sufficient 
environment and feed enough. information to him so 
that he can react to the represented characteristics as 
he would to the actual characteristics in the air. Here 
again we are largely venturing into the unknown and 
incidentally into a subject on which some flight test 
and simulation correlation could well be carried out. 
At first sight it would appear that some knowledge 
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Ficure 6. Internal view of Short handling simulator. 


could be gleaned from the experience of flight simulator 
firms such as Air Trainers and Redifon, but it 
must be remembered that the purpose of their form of 
simulation is to convert a pilot from one type of aircraft 
to another and not to arrive at a handling assessment 
of the particular type. 

Short Brothers and Harland Ltd. started off with 
the tenet that the only form of flight simulation so far 
which had been successful was that in which blind flying 
was represented and that all attempts to date to 
represent visual flying conditions had met with limited 
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success. Restricted by a rather tight time scale, there. 
fore, we constructed a handling simulator which 
consisted of a set of blind flying instruments as shown 
in Figs. 6 and 7. The cockpit was static and the fee] 
was represented by simple springs on the stick and 
rudder pedals. 

As stated before, this “‘instrument” was used to close 
the loop and the aerodynamics of various aircraft were 
set up on the computers as shown in Fig. 7. Qualitative 
comparison was obtained from experienced pilots on 
the line-up between flying aircraft and the handling 
simulator and results are encouraging. In many cases, 
we started with unrepresentative conditions such as 
twice the damping in roll, or half the inertia in yaw and 
at pilots’ instigation changed the characteristics until 
handling characteristics were represented and in general 
arrived back at very near the estimated derivative. 

While such experiments are encouraging they are 
not conclusive and it is fairly obvious that some form 
of quantitative experimental evidence is required as soon 
as possible on this subject. What is required is some 
method by which the efficiency of a manoeuvre can be 
scored in the air and the same manoeuvre carried out 
on the ground. Conditions in the simulator should then 
be varied until the pilot scores similarly in the simulator 
to the aircraft. This would enable us to say with a 
certain amount of conviction whether or not a moving 
cockpit, a visual representation or a more suitable form 
of simulator instrumentation was necessary and would 
very much facilitate design consideration for the next 
generation of aircraft. 

An attempt at visual representation is illustrated 
by the Short Helicopter Simulator, the display of which 
is shown in Fig. 8. 

Other firms have also considered the construction 
of “handling simulators” of which Fig. 9, constructed 
by the English Electric Company, is a good example. 
Some information has been obtained on this simulator 
for which we are indebted to Mr. R. Dickson, their 
Chief Aerodynamicist, and the salient feature is the 
mechanical representation of a feel system. Four 
parameters are available which can_ be 
varied in each of the control circuits: — 

(a) Feel on the stick by altering the 

tension in the spring which pro- 
vided a centering force. 

(b) Static friction by means of a 

suitable clamp. 

(c) Inertia by altering the position of 

a weight. 
(d) Backlash by a simple device in 
the control run. 
Another well - known simulator 
A.F.S.I.M. developed at R.A.E.’. 

With the equipment described here the 
handling characteristics of any project at 
the design stage can be investigated and 


Ficure 7. Simulator linked to computers. 
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FicurE 8. Short Brothers and Harland helicopter 
simulator. 


once experiments on the significance of 
such a simple form of simulation have been 
carried out, a very useful tool may be 
placed at the disposal of the designer. 
A block diagram of such a set-up is shown 
in Fig. 10. The advantages of such a system 
pay off considerably when automatic con- 
trolled systems monitored by the pilot arc, 
being considered, as it is often found tha. 
the problem is to get a satisfactory com- 
promise between stability and response. 
Paper estimates of this, of course, except 
in the cases on which they are based on! 
similar previous experiments, are well nigh 
impossible and the advantage of _ pilot) 
opinion at the design stage should! 
lead to more acceptable handling character- 
istics in the final aircraft and also, help the’ 
designer in formulating acceptable standards and ranges 
for the specification of any automatic control items 
which may have to be incorporated. 

A concrete example of the working of this system 
in design might not be out of place in this context. On 
a particular project the open loop characteristic 
appeared satisfactory in that the Dutch Roll oscillation 
was damped to half amplitude in about two cycles. 
When this was simulated, however, pilot’ complaints 
were quite pronounced and repeated, due in the main 
to the shortness of the period of oscillation. Without 
resorting to automatic control it appeared that better 
damping could only be obtained at the expense of a 
shorter period and we could not arrive at a condition 
for which the pilot considered that the aircraft: would 
be acceptable, and were forced to the alternatives of 
an increased span or the introduction of some measure 
of automatic stabilisation. Fur- 
ther to this investigation an 
attempt was made to find out 
just what relationship between 
period and damping of the 
Dutch Roll oscillation a_ pilot 
considered acceptable the 
result is included in Fig. 11. 
Comparing this result with both 
the American British 
requirements on the subject it 
will be observed that it is 
possible under some circum- 
stances to have acceptable hand- 
ling on the simulator and yet not 
meet the requirements and vice 
versa. Whether or not this 
would be repeated in the air is 


FiGure 9. English Electric simulator. 
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open to question, but from what information is avail- 
able there appears to be strong likelihood of good 
correlation, at least over the range of periods already 
explored by flying aircraft. 


3.2. INTRODUCTION OF COMPONENTS INTO THE 
SIMULATED CONTROL LOOP 

The initial analytical stage in the design is usually 
fluid and most characteristics can be changed in one 
way or another. This is used to arrive at what might 
be described as an optimum design and component 
specification is done on this basis. For example, the 
gyro characteristics or the form of the control laws can 
be settled at this stage and a reasonably definite speci- 
fication issued for the various components in the control 
system plus the tolerances that are acceptable and the 
range of variation which should be provided. 
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VISUAL ASSESSMENT OF 
AIRCRAFT BEHAVIOUR VIA INSTRUMENTS y COMPUTER 
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One of the limitations, however, as already discussed, 
is that it is not always possible to represent with an 
acceptable degree of accuracy the non-linear character- 
istics of the various systems involved. It is therefore 
the object of the designer to include as many items of 
hardware in the analytical loop as soon as possible and 
dispense with the simulated approximations. 

As soon, therefore, as such items as the auto-pilot, 
auto-stabiliser, servo, and so on, become available they 
are used to replace the analytical representation and a 
block diagram of this stage of the work is shown in 
Fig. 12. To implement this, some extra equipment is 
necessary of which the most significant item may well 
be a tilting or flight table. Such a unit is shown in 


VISUAL SICNAL TO PILOT 


Fig. 13 which has a freedom of +30 degrees in pitch 
and roll and good frequency response characteristics, 
By mounting blocks on the table it could be used to 
simulate conditions in a steady turn, but for more 
complicated handling problems, such as the transition 
into a turn, it would probably be necessary to go toa 
three-mounted gimbal system such as is shown in Fig, 
14. This is an American unit due to Bendix and while 
it may be necessary in the extreme, the cost could be 
considered to be somewhat prohibitive. In work of this 
type it should not be forgotten that the response of the 
normal gyro is very fast and its basic frequency is so 
high, relative to the aircraft frequencies, that it is in 
general quite safe to put in its test performance in terms 
of dynamic equations of motion. 

A servo loading rig will also be required on which is 
mounted an accurate representation of the control run 
stiffness and inertia and also the stiffness and inertia 
of the control surface subject to aerodynamic loads. 
In the normal power control case the surface is merely ) 
a balanced control and the representation by a simple | 
damped mass system is easy. 
complicated, such as a spring or servo tab, it is in some 
cases possible to simplify the system to an equivalent 
mass damping system to give reasonable accuracy up to 
about 2 cycles. This would, therefore, cover the normal 
aerodynamic control case but would be of no use what- 
soever in the representation of structural vibration. 4 
The simulation of a spring tab can be seen in Fig. 15. 

This rig (Fig. 15) is thus a logical follow on from 
the earlier stage and the main thing we are interested 
in is the change brought about in the system by the 
components of hardware. Frequency response tests) 
should be done on the overall 
loop at this stage and varia: 
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Figure 12. Block diagram of 
hardware stage. 
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course, should still be connected up to the handling 
simulator so that the pilot impression of the significance 
of the various limitations which hardware introduces 
can be continuously checked. It is in this case rather 
important that an accurate representation of the stick 
feel characteristics is available. 


3.3. DYNAMIC TESTIS ON THE ACTUAL COMPONENTS 
INSTALLED IN SEIU ON THE AIRCRAFI 

When it comes to the actual installation stage in the 
aircraft very little in the line of the closed loop response 
can be done without considerable trouble. This would 
involve considerable use of valuable aircraft time and 
while it has been done on American aircraft: may not 
be necessary except in the case of inexplicable trouble 
being experienced during the flight’ test) programme. 
However, useful information can be obtained by doing 
open loop frequency responses at various stages in the 
loop and comparing with similar tests on the actual 
simulator, This can immediately yield an indication of 
whether or not the installed components are behaving 
as predicted. Too much significance should not be 
attached to these tests as they are unlikely to show 
anything significant since the important structural feed- 
backs are not included. 


3.4. TEST IN CONJUNCTION WITH THE FLIGHT TEST 
PROGRAMME TO PRODUCE REPORTED HANDLING 
CHARACTERISTICS 

The ultimate criterion for the usefulness or otherwise 
of any simulator is whether or not it enables a flight 
lest programme to be carried out with a greater degree 
of safety, or with a significant reduction in the number 
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Ficure 14. Bendix tilting table. 


Picture 13 deff). Short ulting table. 


of hours flight testing required. The object of ground 
simulation has therefore been to include as complete a 
representation of the systems as possible and to repre- 
sent the aerodynamic and engine characteristics on a 
computer. Before flight tests, therefore, the simulator 
represents to the pilot the best and most up-to-date 
information on the characteristics of the complete 
system and the object of the analyst should be to keep 
this representation up to date from flight to flight, thus 
assisting in tracing the reason for any discrepancy from 
estimate and being in a position to examine what is 
likely to be the best cure in the event of trouble. 
Before a particular flight test is started, therefore, 
it should be represented on the simulator and if any 


Ficure 15. Simulation including system hardware. 
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noticeable changes in characteristics over those already 
flown are noticed then the pilot should be made familiar 
with them. If flight tests show a significant change from 
these characteristics then the pilot should be used to 
control the simulator and changes in basic character- 
istics made until he agrees that the simulator is behaving 
in accordance with ‘ight experience and flight test 
records. 

It should, of course, be borne in mind that such a 
manipulation may not give a unique answer and it may 
well be possible to produce what appears to be correct 
handling characteristics by different changes. However, 
if the different flight conditions are worked through 
systematically it should always be possible to tell which 
is the most likely cause for discrepancy and to act 
accordingly. 

This method, of course, helps considerably in the 
estimation of aerodynamic derivatives from flight test 
and even if it fails to track down a specific derivative 
it is usually quite possible to get accurate information 
on groups of derivatives. 

Thus the handling characteristics of the simulator 
are continuously kept up to the standard of flight tests 
and the simulator should at any stage represent the 
most up-to-date flight test information both on the 
system and on the aerodynamic characteristics. By this 
method it should prove possible both to reduce flight 
test time and get much more precise information on 
handling characteristics from the pilot by actually play- 
ing with the simulator until characteristics similar to 
those experienced in the air are obtained. The net 
result is that the pilot opinion is used to a greater extent, 
analysed a lot more precisely and the result should 
facilitate the tracing and putting right of faults. 


4. Simulation of Externally Controlled 
Systems 


4.1. CONTROLLING AS AN AIMING PROBLEM 


So far we have considered the internal stability of 
the flying machine. We now come to the simulation 
of externally controlled systems. In one particular form 
this problem is essentially one of remotely controlling 
and navigating a guided missile so as to intercept a 
stationary target or alternatively an attacking target in 
the form of another flying machine which may be 
capable of evasive action. The commands to the guided 
missile to ensure the correct interception course may be 
computed in the missile itself by radar reference to the 
target, or the intelligence may be transmitted from an 
external source either on the ground or from a con- 
trolling aircraft. 

For obvious reasons this subject cannot be discussed 
in great detail, but the general problems involved will 
be described by referring to published information 
(Ref. 9). 

A command guidance system will be considered as 
a typical example to illustrate some of the more funda- 
mental considerations. A two-beam radar tracking 
guidance system is illustrated in Fig. 16(a). The 
essential elements involved are the missile auto-pilot 
combination, the missile tracking radar, the target 
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tracking radar, the ground computer and the command 
link. The object of the system is to direct the missile 
along a desired path to intercept an attacking target, 
A simplified block diagram of the overall system js 
given in Fig. 16(b) and a block diagram of the missile 
loop is given in Fig. 16(c). These diagrams illustrate 
some fundamental points: — 


(7) The missile and auto-pilot form a closed loop 
system comprising, as control elements, the 
auto-pilot, control surface actuators, and 
missile aerodynamics. This may be described 
as the inner missile control loop. 


(ii) There is an overall external control loop com. 
prising, as control elements, the closed loop 
performance of the missile to the external 
commands, the missile kinematics, the missile 
tracking radar, the ground computer and the 
command link. The target tracking radar may 
be considered as providing an external input 
demand to the overall closed loop. 


It may, therefore, be seen that before the closed 
loop performance of the missile can be optimised it 
must be considered as a control element of the overall 
loop. The desired performance of the latter will be 
determined by the target demand information. Some 
of the control elements may be available as hardware 
and thus their characteristics are fixed. In the simu- 
lation of such a loop the characteristics will be incor- 
porated and the transfer functions of the remaining 
elements optimised within practical limitations to give 
the desired loop performance. 

The simulation may be performed by analogue or 
digital methods, but if real time simulation is required 
analogue methods would normally be employed with 
the possibility of some digital computation in the manner 
described in Section 5. One of the problems involved 
in such a simulation is axis transformation from missile 
axes to ground axes, and this is especially difficult if 
real time simulation is required. With controlled flight 
in three dimensions there are six degrees of freedom 
and the transformation of axes must not take a signi- 
ficant time. 

This problem has been overcome in T.R.I.D.A.C.' 
by assuming a hypothetical condition in that the missile 
is mounted in a set of four orthogonal gimbals. — This 
synthetic gimbal system comprises four independent 
shafts operated by hydraulic servo-mechanisms. such 
that the angular position of each shaft corresponds to 
the angles between successive gimbal frames. On each 
shaft are mounted a number of sine and cosine revolvers 
which enable the transformation matrices between 
missile and ground axes to be obtained. 

In the initial studies of the overall system 4 
preliminary specification for the closed loop missile 
performance might be obtained by assuming it 1s 
dynamically stable and obtaining the desired response 
rates in pitch and yaw. The missile control loop can 
then be simulated with a preliminary assessment of 
aerodynamic performance. The requirements of the 
auto-pilot to meet the overall response can then be 
obtained. 
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MISSILE CONTROL LOOP 
(c) 
(a) Basic elements. 
(bh) Block diagram of external overall control loop. 
(c) Block diagram of missile control loop. 


FiGuRE 16, Command guidance system. 


It should again be noted that the open loop aero- 
dynamic performance of the missile, although important, 
is not the over-riding factor since the auto-pilot can be 
so designed that it makes a significant contribution to 
the closed loop performance. There is, therefore, some 
flexibility in how the loop gain is distributed between 
the auto-pilot and the missile and an initial simulation 
of the problem would take into consideration this 
aspect. 

Two main piinciples may therefore be defined in 
the simulation of externally controlled systems: —- 

(i) The complete system must be considered as an 
overall control loop in order to specify the 
performance of the individual control elements. 
This study also indicates the interaction between 
control elements and possible weak links in the 
system. 

(ii) The desired closed loop missile performance 
given by (i) can be approached by a simulator 
study of the auto-pilot-missile combination. 
The main point is that the latter combination 
should be studied initially before a specification 
can be written for the individual auto-pilot and 
open loop missile performance. 

One point which may be of interest is that in some 
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externally controlled systems the tracking radars in the 
example given are replaced partially or completely with 
human operator(s) acting as tracker and aimer, by 
optical means. In such systems the human operator is 
an essential control element of the overall control loop 
and this introduces problems such as those described in 
Sections | and 3. 

The authors’ experience confirms the view that the 
human operator(s) must be included in the simulation 
set-up, due to the difficulties involved in simulating his 
performance. 

This incidentally is one of the main considerations 
in the requirements that T.R.I.D.A.C. must operate in 
real time. 

The effect of the degree of realism with which 
operating conditions are represented to the human 
operator(s) has been investigated to a slight extent, but 
no definite conclusions have been deduced. Generally 
the operator’s performance under ideal laboratory con- 
ditions may be assumed to be superior to that obtained 
under more realistic conditions. 

In some applications where the human operator task 
is relatively simple, it may be feasible to use a simulation 
of the operator’s performance in order to compare the 
performance of various alternative systems. However, 
the results obtained from such a simulation should be 
regarded with some caution and confirmatory evidence 
should be obtained if possible by using the actual 
Operator. 


4.2. CONTROLLING ON A PRE-DETERMINED FLIGHT PATH 


(iHE AUTOMATIC LANDING PROBLEM) 

A kindred problem is that of automatic landing. 
Automatic landing involves controlling the aircraft 
down a glide path which is normally pre-arranged in 
both elevation and azimuth. In azimuth the flight path 
is normally straight over the last few miles and is fixed 
in space by the runway position and heading. In 
elevation the glide path is normally a shallow straight 
path over the initial section of the final approach and 
some form of flare-out will normally be necessary over 
the last few hundred yards prior to actual touchdown. 

Flight path control can be either semi-automatic or 
fully automatic. Semi-automatic involves some form of 
manual control, whether by the pilot controlling the 
aircraft in accordance with automatically computed 
instructions, or by a ground operator controlling the 
aircraft through an auto-pilot and throttle control about 
the required flight path. 

Fully automatic landing implies that the required 
flight is automatically computed, and an automatic 
means of detecting the error between the actual aircraft 
position and the required position is used to produce 
signals which operate the auto-pilot and throttle control 
in the aircraft. 

Considering the latter case it is clear that simulation 
presents no fundamental difficulty in theory. The 
complexity of the set-up required to make a worthwhile 
simulation is the main problem. In actual practice, 
however, the trouble will be in representing behaviour 
over the last 50 or 100 ft. of descent accurately. This 
is the vital region which decides the success or failure 
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of the system, but also in this region there are numerous 
significant non-linear and random effects which will 
introduce additional complexity into the simulation. 

As in Section 4.1 this system consists of an internal 
loop comprising the aircraft, auto-pilot and throttle 
control unit and an external loop comprising aircraft, 
error detector and signalling system. Again this is 
fundamentally a closed loop system and is capable of 
optimisation by simulation techniques. However, the 
accuracy necessary in the various components is worthy 
of detailed consideration and care should be taken that 
unimportant parts of the loop are not over-emphasised 
in the light of the considerable doubt which must exist 
on the basic aircraft dynamic relationships in a flare out 
or close to the ground. 


4.3. SIMULATION IN THE DETERMINATION OF TACTICAL 
MANOEUVRES 

The simulation of tactical manoeuvres is a logical 
development of this problem. Complete surface to 
surface or surface to air battle engagements may be 
simulated, with one group controlling the attacking force 
and the other group controlling the defence or counter 
attacking force. 

Whether such a simulation is of practical interest 
in this age of modern warfare is open for discussion, 
but one consoling factor would be that the after effects 
of such a battle would be infinitely less destructive than 
the real event. 


5. Accuracy Considerations 


It is seldom possible to decide on the necessary 
accuracy of various components in the loop although 
an analysis can sometimes show what factors are likely 
to be most significant. The ultimate object, of course, 
is to provide all the actual control elements in the 
loop, hence leaving to computation the aerodynamic 
characteristics of the actual vehicle. This is normally 
done by using an analogue computer and while this 
may in the majority of cases be the best approach it 
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Thus the overall accuracy of the device cannot be 
a unique value as it depends on the computing frequen- 
cies and the computing period. The scaling accuracy 
can be made to within 0-1 per cent or better With 
extreme care, but an accuracy of the order of one per 
cent is more common especially with non-linear com- 
puting units. A typical overall accuracy for computing 
periods up to about 20 minutes is about 2 per cent. 

The accuracy of the complete analogue computer 
however, comprising a number of interconnected com- 
puting units, is extremely difficult to assess as it depends 
on the particular problem involved, the method of 
connections and scale factors employed in addition to 
the factors already discussed. Several papers dealing 
with the analysis of overall error have been published, 
e.g. Refs. 11 and 12. The authors’ experience with a 
wide range of problems involved in aeronautics indicate 
that an overall accuracy of a few per cent may be 
expected if conditions are arranged to be within the 
capabilities of the computer. 


5.2. THE DIGITAL APPROACH 

The digital computer on the other hand may be 
made to any desired accuracy by arranging the storage 
capacity to accommodate the appropriate number of 
digits. The higher the accuracy required the larger the 
number of digits required and thus the greater the 
computing time since each digit Movement requires a 
finite time. 

It may be of interest to note that a special purpose 
digital computer may be designed to solve a_ specific 
type of problem, This machine is generally described 
as a digital differential analyser and is used for the 
solution of problems normally carried out on an 
analogue computer and where the solution is not 
required in real time. The basic unit of the analyser 
is a digital integrator which can perform the miathe- 
matical operations of addition, multiplication and 
integration with respect to any variable. Note that an 
electronic analogue integrator can only integrate with 


can be shown that other possibilities exist and the need respect to time. The price for the increased accuracy 


for accuracy does not in itself invalidate the simulation which may be obtained is computing time. Considerable fun 
approach. advances, however, are being made in this new | 
nique, particularly in increased computing speed and it = 

5.1. THE ANALOGUE APPROACH may prove to be a serious competitor to the analogue dif 
The analogue computer is restricted in accuracy technique, in specific applications of real time com- th 
because of its method of solution and typical accuracy putation, such as navigational aids and_ resolution of se 
figures for the computing units are given in Ref. 3 and AXes. ti 
a detailed analysis of the errors involved is given in = 
Ref. 4. The accuracy of an analogue device producing §.3. COMBINED DIGITAL AND ANALOGUE TECHNIQUES | mi 
a particular transfer function may be considered in 
rough the use of an analogue computer is an | pu 
obvious choice as the basis for the simulation of a ) dig 

(a) The accuracy of the modulus. continuous physical system, there are many problems | 0¢ 
(b) The accuracy of the argument. where a digital simulator would be a more logical choice. | Wo 
The modulus depends on the scaling accuracy of the One obvious example of this type of problem is where | pe 
device and thus on the precision of the feedback the system information is of a sampled data form with re 
resistors and capacitors, the signal to noise ratio and the no information between samples (e.g. pulsed radar ne 
steady state gain. The argument accuracy, on the other systems). This type of problem is particularly suited C01 
hand, is determined by the dynamic response of the to the digital computer provided that the digital com- ani 
unit compared with the rate of occurrence of events in puting periods are fast enough to simulate the sampling To 
the computing problems. rate. Sal 
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(a) Single-beam radar track command guidance system. 
(b) Possible simulation set-up. 


Example of combined digital and analogue 
techniques. 


FiGuRE 17. 


Again the use of a digital computer may be necessary 
where accuracy is of primary importance. 

Other applications include the simulation — of 
functions of several variables such as aerodynamic lift 
and drag coeflicients, which presents difficult 
problems in the digital computer but is extremely 
difficult and costly in the analogue computer. 

If, however, system hardware is to be included in 
the simulation loop, the real time simulation require- 
ments generally rule out the possibility of using a digital 
computer alone. 

These considerations suggest that a compromise 
might be the best solution by using an analogue com- 
puter to deal with the high frequency effects and a 
digital computer to perform the more difficult operations 
occurring at a much slower rate. The digital computer 
would, therefore, sample the analogue — variables, 
perform the necessary calculations and transmit the 
result back into the analogue computer. The con- 
nections between the digital computer and the analogue 
computer and hardware would comprise a digital to 
analogue converter and an analogue to digital converter. 
To operate in real time the digital computer must 
sample, complete all calculations and transmit the 
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information back to the analogue computer in a period 
less than that between samples. This requirement 
presents many problems especially in the design of the 
converters. A successful interconnection between an 
analogue and digital computer has been achieved”. 

In some applications, particularly in guided missile 
systems, the generation of complex functions may be 
required to a high degree of accuracy and at a high 
computing speed. In this case there remains the possi- 
bility of generating the real time function in the 
analogue computer and a “slowed-down” function in 
the digital computer. The digital function may then be 
compared with the sampled analogue function to give 
a difference error which may be used to correct the 
analogue function. The analogue and digital functions 
must be synchronised so that the analogue function in 
fact provides a smooth interpolation of the accurate 
digital function. 

An example of the application of combined digital 
and analogue techniques is given in Fig. 17. A simpli- 
fied diagram of a single-beam radar track guidance 
system is shown in Fig. 17(a), where the motion of the 
missile is continuously monitored by the radar and the 
target position is known. The deviation of the missile 
from a predetermined interception course the 
computed demands to reduce this error are obtained 
by means of the ground computer. The correction 
demand information is conveyed to the missile auto-pilot 
by means of a command radio link, the transmitter being 
on the ground and the receiver in the missile. A possible 
simulation set-up for this system is shown in Fig. 17(4) 
in which the actual missile auto-pilot, mounted on a 
flight table, is used in the analogue simulation. The 


control surface actuators may also be used, or alter-. 


natively a simulation of their relevant transfer functions. 
The missile aerodynamics are simulated on an analogue 
computer but, as already stated, it might be possible to 
compute the more difficult functions involved in the 
digital computer. The rest of the diagram is self- 
explanatory, but the need for converting equipment 
should be noted. 

In considering accuracy, therefore, we must again 
look at the overall loop problem and strike a balance 
between the accuracy of the various components. Thus 
if the aerodynamics are not well Known and subject to 
wide and non-linear variation then little is gained by 
high accuracy computation. In other simulated com- 
ponents, for example, the output loading system, similar 
discretion should be used and the simplest simulation 
compatible with the overall accuracy of the loop, rather 
than the best possible representation of the component. 
should be used. 


6. Conclusion 


In conclusion then, an effort has been made to stress 
the point that an automatically controlled or stabilised 
aircraft, or a guided missile, must be regarded as a 
complete system and that the simulator technique when 
judiciously employed and controlled can be an extremely 
useful design tool in such a study. The logical develop- 
ment of simulator techniques from the initial design 
stage has been traced and one of our main contentions 
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is that this new found tool must be treated with extreme 
caution. The ultimate objectives should be clearly 
understood and the limitations of the simulator con- 
tinuously borne in mind so that a common sense 
weighting function can be applied to the results 
obtained. If computation accuracy is important we 
should consider the introduction of digital elements into 
the loop and, if limitations in human behaviour are 
considered significant, then we should do our best to 
provide as realistic an environment as possible. 

The aerodynamicist has his wind tunnel model, the 
stressman his structural specimen, the installation 
engineer his mock-up and now the control engineer has 
his dynamic model which we have called a simulator. 
Perhaps when he has built up a background of usage, 
such as we now have behind the wind tunnel, he will 
know the correction factors to apply and will be encour- 
aged to extrapolate with confidence. The simulator will 
then settle into the design scene, neither overstressed in 
its significance by the novice nor neglected by the 
traditional engineer and will play its part towards the 
more complete and quicker production of an operative 
weapon system. 
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Some Factors Involved in the Supersonic 


Wind Tunnel Testing of Models 


P. A. CHAMPION, B.Sc.(Eng.) 
(Bristol Aircraft Itd.) 


|. Introduction 

The use of models in the determination of aircraft 
behaviour is as old as flying itself, and wind tunnel 
modeis in particular have played a very important part. 
Now that supersonic flight of aircraft and missiles is a 
matter of common experience, it seems appropriate to 
look at some of the difficulties involved in the super- 
sonic tunnel testing of models of such machines. 


NOTATION 

a velocity of sound 

1 characteristic length (shape parameter) 
Mach number 

T absolute temperature 

velocity 

Reynolds number 
R, Reynolds number based on model length 
R, Reynolds number at transition band 
4# flow angle 

p Stream density 

stream viscosity 


2. Basic Considerations 

It is by no means obvious that small scale model 
tests should be capable of indicating the behaviour of 
full scale machines. The principle underlying the 
possibility of using models is that of Dynamical 
Similarity, which implies that not only are the model 
and prototype geometrically similar, but also that the 
flow patterns about them are similar. 

The general equations of viscous compressible flow 
are too complicated for solution except in special cases, 
but useful information can be obtained by the method 
of Dimensional Analysis. It can be shown in this way 
that the direction of flow at any point in the field around 
a body is given by a relationship of the form shown in 
equation (1). (See Fig. 1.) 

The first two terms in this equation are, of course, 
the well known Reynolds and Mach numbers, and, for 
dynamical similarity, since the functions f,, f,, are 
unknown, it is apparent that both Reynolds and Mach 
numbers must be equal in model and prototype cases. 
Additionally, the model should be a true scale version 
of the prototype. 
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3. Application of Theory 


The aerodynamicist chooses the convenient fiction 
of a boundary layer surrounding a body moving in an 
air stream, within which viscous effects are largely 
confined. Compressibility mainly affects the flow out- 
side the boundary layer and small Mach number 
changes can thus drastically alter the entire flow fields. 
It is essential therefore to secure Mach number equality 
between model and prototype. 

Supersonic flows are normaily generated by con- 
vergent-divergent channels, and the Mach number 
obtained is found to depend only on the ratio between 
the cross-sectional areas of the working section and 
throat of the duct. Hence similarity is, at least in 
principle, easily obtained for this parameter. 

Equality of Reynolds number, with simultaneous 
Mach number equality, is practically impossible to 
obtain. Taking a 1/20th scale model, typical of the 
sizes used in supersonic tunneis, Fig. 2, based on 
equation (2) of Fig. 1, shows the conditions necessary 
to satisfy the requirements. It is seen that the stagnation 
pressures involved are so high that the conditions are 
impracticable to satisfy except possibly at low Mach 
numbers and high altitude. It should be noted that if 
Reynolds number equality could be obtained, the model 
wing loading would be greater than that on the full scale 
machine by a factor equal to the reciprocal of the 
linear scale. This would normally present an impossible 
stressing problem. 

The stagnation pressures encountered in a typical 
blowdown tunnel are also given in Fig. 2 to show how 
far short of the requirements they are. Tunnels are 
generally built to be of as low power, and hence stagna- 
tion pressure, as possible, and the working section size, 
which also influences the attainable Reynolds number 
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Ficure 1. Basic equations. 
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FiGuRE 3. Shock separation of boundary layers. 


re) 
PARABOLIC BODY OF REVOLUTION 
ROUGHNESS FROM NOSE TO 3¢%LENGTH. 
—______ | 
GRAIN = 68-105 KIO” | 
SIZE. | | | | 
CINS 9 | 
= 024-037 X10. | 
6 
| | 
| | 
| 
| | 
| 
| 
| 
| | 
4. 
ine) 20 25 30 


Ficure 4. Minimum grain size for turbulent boundary layer. 
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Ficure 5. Effect of transition bands on separation. 


by fixing model size, is dictated by economic factors. 
It is fortunate, therefore, that the effects of Reynolds 
number decrease as the Reynolds number itself. in- 
creases, that is, the function of equation (1) tends to a 
constant value at high Reynolds number. 

Hence model tests may be carried out with little 
loss of accuracy at values of Reynolds number well 
below those obtaining at full scale. How low a value 
is permissible depends on the particular configuration 
and test conditions, but such evidence as is available 
suggests that the lowest safe value is in the region of 
2 to 5 10° based on wing chord. Even these figures 
exceed those available in typical tunnels with atmos: 
pheric stagnation pressure, which range perhaps from 
0-5 to 1-5 = 10°, depending on model and test Mach 
number. 

The viscous boundary layer is greatly influenced 
by Reynolds number; at low values there exists a 
streamlined type of flow, termed laminar, while at high 
values the flow is turbulent, with random eddying 
superimposed on the main streamwise movement. 
Appreciable areas of laminar flow are uncommon in 
full scale machines, but, at the low test Reynolds 
numbers mentioned, there are large runs of laminar } 
flow on models. 

Unlike the subsonic case, where model results are 
likely to be pessimistic due to the relatively early 
separation of a laminar boundary layer in an adverse 
pressure gradient, they may actually be optimistic in ) - 
the supersonic case. In Fig. 3 a shock wave strong 
enough to cause separation of both a laminar and 4 
turbulent boundary layer is shown interacting. It 1s 
seen that while the turbulent layer separates, the laminar 
one may actually reattach after undergoing transition 
to turbulence. 

The problem now becomes one of ensuring that the 
model boundary layer is turbulent. Other factors | 
besides Reynolds number influence the state of the 
layer; the most important of these is surface roughness. 
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FIGURE 6. Effect of sting on base pressure. (Ref. 2.) 


It is found that the model boundary layer can_ be 
induced to become turbulent by deliberately roughening 
parts of the surface, commonly in the form of bands of 
sharp particles, such as carborundum or alumina, 
cemented to the model at, or near its leading edges. 
Fig. 4° shows the degree of roughness necessary to 
induce transition on a parabolic body of revolution. The 
height of roughness element needed is quite small but 
isconsiderably affected by Mach number. 

In Fig. 5 the effect of transition bands on a typical 
wing is shown. The separation on the suction side of 
the aerofoil is almost completely inhibited by the 
roughness element. 

The turbulent boundary layer produced by transi- 
tion bands is not necessarily identical with a naturally 
formed one, but experimental evidence shows that its 
behaviour, at least as regards separation, is closely 
similar. 


4. Interferences 


Unlike the subsonic case, no constraint is exercised 
by the walls of a supersonic wind tunnel, provided that 
the bow shock wave of the model is reflected from the 
walls downstream of the tail. Normally, the size of 
models which can be tested in a given tunnel is deter- 
mined entirely by this condition. 


There is, however, one unavoidable source of 
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Figure 7. Windshield model interference. 
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interferencethe support system. In complete model 
tests, rear sting supports are universally used, and the 
principal interference arising is the effect of the sting on 
base pressure. Fig. 6 shows the typical effects which 
are produced. Obviously these errors cannot be 
avoided, but the base pressure on the model may be 
measured with suitable internal instrumentation, and 
compared either with estimates of the full scale value, 
or with values derived from a special test, for correction 
purposes. 

Strain gauged balances are usually used nowadays, 
and frequently model loadings dictate that the balance 
cannot be wholly internal, that is, some of the gauges 
lie downstream of the model. In this case the exposed 
parts of the balance must be shielded from the air- 
stream to avoid errors caused by air loads upon them. 
Fig. 7 is a simplified diagram showing how pitching 
moment errors may be produced if the nose angle of 
the windshield is too great. In practice every effort 
is made to keep the windshield angie down, and 
schlieren photographs are taken to make sure that no 
interference exists. Occasionally, structural considera- 
tions may make it impossible to avoid interference 
completely, and here again special experiments or 
estimates must be resorted to for correction. 

Tests are sometimes performed on half models in 
supersonic wind tunnels. In this way a larger model 
can be used, and support problems are simplified, but 
the method is restricted to testing in planes of symmetry. 
Such models are mounted from one wall of the tunnel, 
and the problem here is avoiding interference effects 
from the tunnel boundary layer. The simplest way is 
to space the model away from the wall by an amount 
equal to the boundary layer thickness, but a more 
elegant, and probably more accurate, approach is to 
mount the model on a “reflection” plate sufficiently 
far from the wall to avoid choking of the flow beneath 
the plate. (See Fig. 8.) 


5. Starting Loads 

In the process of starting and stopping supersonic 
wind tunnels, large unsteady loads on the model occur, 
due both to the passage of the tunnel shock wave over 
the model, and to separation of flow in the nozzle, which 
causes large transient flow angles in the working section 
(Fig. 9). The severity of the effects increases with Mach 
number, partly because the nozzle wall slope increases, 
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Ficure 9. Starting phase in nozzle. 


and also because the tunnel shock strength increases. 

Figure 10 shows the starting loads measured on a 
low aspect ratio wing in the Bristol tunnel. The 
magnitude of these loads at the higher Mach numbers 
is such as to greatly increase the strength required. of 
the model and sting system. This in its turn leads to 
distortion of the model and low balaiice sensitivity, 
and so it is virtuaily essential to devise some means of 
avoiding starting load efiects. 

As a matter of interest, Fig. 11 shows the effect of 
starting loads at M=3 on a model which had previously 
withstood many successful runs at lower Mach numbers. 
Particularly noticeable are the “belling ” of the wind- 
shield mouth and tail of the model caused by the large 
oscillatory loads before fracture of the sting occurred. 

A number of methods are available for avoiding 
starting loads, and their applicability depends largely 
on the type of tunnel used. In closed circuit continuous 
flow tunnels, the effects can be reduced by pumping the 
tunnel down to low pressure during the starting and 
stopping cycles. The same effect can be achieved in 
vacuum operated intermittent tunnels by throttling the 
intake. With biow-down tunnels, where loads are in 
any case higher than in other types, this method is 
not available. If the tunnel is continuous in operation, 
a flexible nozzle may be used to enable siarting and 
stopping to be performed at low Mach number, but 
this solution is not readily applicable to intermittent 
blow-down tunnels due to the short time available for 
adjusting the nozzle. 

There are, however, two other methods of surmount- 
ing the difficulty. One of these involves retracting the 
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Figure 11. Failure under starting load. 


model out of the air stream during the starting process. 
The loads encountered on injecting the model into the 
supersonic stream are considerably lower than. starting 
loads, but can sill be significantly higher than the 
steady running loads. 

Perhaps the most obvious solution is a system of 
retractable model supports, but even here, careful 
design is necessary if interaction phenomena between 
model and supports are to be avoided. Fig. 12 shows 
the details of some simple experiments performed in 
the Bristol tunnel, which is of the continuous blow- 
down type. In these experiments a single support was 
used wiih a very strongly mounted model purely to 
investigate interactions. It was found that, as the 
support approached the model, a critical point was 
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FiGure 12. Interaction between model and starting support. 
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reached at which the flow pattern changed due to 
choking between model and pad. The resulting in- 
crease Of pressure over the model deflected it suffi- 
ciently away from the support to re-establish unchoked 
flow, causing a reduction in pressure over the model 
and a resultant deflection towards the support, with a 
further breakdown of flow. In this way a model 
oscillation of considerable amplitude was built up and 
maintained. 

This difficulty was surmounted by perforating the 
support pad with a large number of holes, which 
almost completely suppressed the reflected shock 
system shown in the upper half of Fig. 12, and 
prevented the build-up of vibration. 

Even when starting loads are avoided the running 
joads on models in blow-down tunnels are high enough 
to necessitaie the use of high grade steels in model con- 
struction, and even so, due to the fine rear fuselages 
favoured by designers, it is sometimes necessary to 
distort the rear end of the model for adequate strength, 
with consequent uncertainties in the measured charac- 
teristics. 

Constructional difficulties are also increased, and tt 
is frequently necessary to manufacture lifting surfaces 
integral with the fuselage, which demands the utmosi 
refinement in manufacturing technique. This is 
coupled with a need for very high accuracies of con- 
struction to avoid errors caused by such effects as lack 
of concentricity between parts and unwanted twist and 
camber of lifting surfaces. 


6. Errors in Geometrical Scaling 

Quite apart from distoruons caused by strength 
requirements, it Is impossible to simulate both external 
and internal shapes of a machine in a small model, 
mainly because of manufacturing difficulties. Auxiliary 
intakes, for example, are normally represented by fair- 
ings which divert the internal flow around the model. 
In the case of engine intakes, this process might lead 
to considerable error because of the large mass flows 
swallowed by supersonic engines. 

It is normally quite easy to simulate intake con- 
ditions accurately, with the aid of internal baffling in 
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some cases, but exit flows are usually left to take care 
of themselves, although some control can, if necessary, 
be exercised by “ throating” the exit pipe to control 
flow Mach number. 


7. Condensation 

The expansion of flow which takes place in a 
supersonic nozzle causes the temperature of the flow 
to fall to very low values. This leads first to conden- 
sation of water vapour in the air stream, and, at higher 
Mach numbers, to condensation of the air itself In 
both cases the uniformity of flow is destroyed, and 
condensation must therefore be avoided. 

Water vapour is normally removed either by drying 
in chemical dryers, or by compression and refrigeration, 
but condensation can also be avoided by heating the 
air to such a degree that the air stream never reaches 
precipitation conditions. 

Air condensation starts to take place at about M=4 
to 5 with tunnels operating at atmospheric stagnation 
temperature, and can be prevented only by heating. 
This phenomenon is normally regarded as limiting the 
Supersonic region, Mach numbers where heating is 
necessary being regarded as hypersonic in tunnel work. 


8. Conclusion 

This paper has attempted to show that, while there 
are many problems in testing models of supersonic air- 
craft, the majority of them can be overcome, although 
some compromise is frequentiy necessary. Some inter- 
pretation of results is almost inevitable in any test on 
a complete model, but nevertheless valuable results are 
obtained. Perhaps the most convincing evidence of this 
is the fact that supersonic tunnel tests continue to be the 
most important tool available for the aerodynamic 
design of supersonic aircraft. 
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TECHNICAL NOTES 


Effects of Small Changes in the Elements Aj; on the Zeros of | Ajj | 


F, E. C. CULICK 


(Department of Aeronautics, University of Glasgow) 


METHOD is presented for determining approxi- 

mately the effects of small changes in the character- 
istics of a dynamical system on its free motion. Successive 
factorisations of the determinantal equation, as the system 
is altered, are avoided at the expense of accuracy, but the 
influence of the small changes on, for example, the 
stability of the system, are quite easily determined. 


1. INTRODUCTION 

Investigation of the free motion of a dynamical system 
having a finite number of (coupled) degrees of freedom 
often involves determining the zeros of a determinant 
A (A) whose elements are at most second degree poly- 
nomials in A with constant coefficients. The stability of 
the system is then directly deducible from the locations of 
the zeros in the complex plane. If the system has N 
degrees of freedom, the zeros of A (A) are the roots of a 
2N“ degree polynomial in A. 

When the coefficients of any of the elemental poly- 
nomials are changed (that is, when any of the inertial, 
damping, or stiffness characteristics of the system are 
altered), accurate and complete determination of the 
stability of this new system implies finding again the roots 
of the determinantal equation. If N is large, the factorisa- 
tion becomes a rather tedious task. However it is possible, 
when only small changes are considered, to compute 
approximately the roots of the new polynomial without 
factorising. This may be done with more detailed 
attention to the changes in the elements so that trends 
in the stability of the system with the small alterations are 
discovered without too great difficulty once the stability 
of the original system has been found. 


2. THE DETERMINANTAL EQUATION 
The determinant 
A (A)= |Ai;| (1) 
is given, with elements 
Aj =a? + (2) 
It is convenient to express the expansion of A (A) in terms 


of the A;; by means of the general permutation symbol 
Cit, ty SO that the determinant is 


The C isi, ++ ty fix the sign of each term of the expansion, 


being +1 or —1 according as i,j, .... iy IS an even or 
odd permutation respectively of the arrangement 123... N, 
and zero when two of the indices are alike. The expansion 
(3) thus comprises N! terms, each of which is a 2N™ 
degree polynomial in A, but in factored form with roots 
readily found from the A,;: 


. (4) 


Received 1st July 1958. 


The expansion (3) may be written 
N! 
A (A) = life (A)=F (A) + 


where the /,, are product combinations of the a,; only, and 
the f, (A) and F (A) are 2N=n degree polynomials in }: 
fie (A) =A" + py + + Px, + Pun (6) 
FO)=a{A" +P, + .... 
assuming a=|a;,;|40. Now denote by o,,(n,r) the 
sums of all different products of the zeros of the f, (A) 
taken r at a time and similarly a set S, (n, r) is formed from 
the n zeros of F(A). It is well known that 
Prer ( YC (n, r) (8 
P.=(-YSanf° 


k 
so that since GP= (9) 
then the zeros A,, A,, .. . . A, Of A(A) are related to the 
zeros of its elements by 
S, (n, r) : (10) 


The above is an identity of the expansion of A (A), but 
if a set of given As‘°’ are assumed, then (10) allows 
calculation of small changes 6As in the A, due to small 
changes in any or all of the a,, and zeros of A,,. Suppose 
all variations are functions of some parameter 7; then the 
procedure amounts essentially to a calculation of the 
second term of a Taylor’s series expansion in 7; of the 
A, about the reference values A, : 

(0) 


For brevity, define a set of quantities /,: 
1 


so that : : 
which is a set of n relations. 


"QS, dB, 


Differentiating, 


> = - 2 
or, without introducing 7, 
2°09) 
Solving (15) for 6A, gives: 
| 6B, | dD, 
| OA, | 


where D, is D with the s‘" column replaced by the column 
of 68,. It should be noted that D is identically zero when 
two or more A, (the reference values) are equal, due to the 
presence of identical columns. The following develop- 
ment assumes n distinct zeros; the exceptional cases of 
repeated zeros are treated in Section 5. 
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3, COMPUTATION OF 6A, 
The expression (16) may be reduced to a simpler form 
affording easy calculation of 6A,._ Form the quantities 


by removing A, from the original set of A, and then con- 
structing the sum of all different products of the remaining 
n-1 zeros taken q at a time. S,'(n—1,q) is related to 
+ 1) by 


S,'(n-1,q)= . (18) 
i 


It follows that 


| OS, | 
Writing out some of the elements: 
1 1 | 
| 5,* S," 
D- | 


This clearly holds for any number n of 2 Ri: ea is found that 
D may eventually be written explicitly as the continued 
product of all possible differences of the A, : 


i,j 


the last expression adopted only as a definition. 
Similarly, the numerator determinant in (16) may be 
reduced to: 


n 
r=1 
dA, may finally be written as 


n 
= 


i=1,...» n) . (22) 
II (A, -A,) 
which by (14) is 
n 


tha, 


The in the denominator is easily 
computed graphically from a plot in the complex plane 
of the zeros of the original determinant. The numerator 
is simply the polynomial { F (A)/a} given by (7) but with 
P, replaced by —6P, or (—)"4 '68,. In fact, an expression 
equivalent to (22) or (23) is obtained by considering a 
small change in the quantity 


= SPA." r=) P,=1 
a r=0 
n 
yielding dA, = - . 
r= =0 


Although it is not used in the present paper, there 
follows from ag and (24) the identity 


ifs 


true for any polynomial where A, is a root of the poly- 
nomial and P,=1. 

The simple step leading to (24) is of course equally as 
valid as the rather involved development leading to (22) 
and (23) but it is less interesting and does not show the 
relation to the complete zero plot exhibited by the 
denominator product form which is also required in the 
treatment of cases of repeated zeros. 


4. COMPUTATION OF 68, 

All changes in the elements A,,; of A (A) are contained 
in the 68,; the 8, are given by (13), but unless all A,; in 
a row or column are changed, not all terms in (13) will 
contribute to the 68,. For example, suppose the a;,, b,;, cy 
are altered in only one of the A,; which without loss of 
generality may be taken as A,,. Then only (N-1)! of 
the terms in (3) need be retained and are given by 


where the summation is A'', the co-factor of A,, 
With the proper range of k understood, 68, calculated 
from (13) may be written as: 


a,,\ a,, 
$8,=8 (m7) +“ (p, (Bw, + 


+ pr-, [w,6w, +W,6w,]} (27) 
The /,’ are the J, with a,, factored out and the p, are 
given by 


(26) 


Po=Pa= 0 

(N-1)! 

k=1 

pi=a" 
a is the determinant of inertial coefficients in A. 
The o’, ,-,(n-2,r-1) refer to the (m-2) zeros in the 
various polynomials consequent upon the expansion of A??. 


Thus, (27) shows explicitly the changes in A,,. 6 (“) may 


a a a 


If all the zeros of the elements in A’! as well as of A,, 
are real or occur in complex conjugate pairs, the 58, are 
real numbers. 


be written 


5. CASES OF REPEATED ZEROS 

To avoid the singularity in the expressions for 6A, when 
two or more A, are equal, as mentioned in Section 2, it 
is necessary to include in some manner higher order terms. 
This may be achieved most easily by letting A, become 
A, +6A, on the right hand side of (22) or (23): 


S (A, +5A,)"-" 
dA, = = r=1 


= (30) 
IT (A, + 6A, —A,) 
its 


When \, is equal to A,, 6A, is a factor in the denominator, 
while if 5A, is small enough it may be neglected in com- 
parison with A, and A,—A,, or otherwise will result in 
negligibly small terms in the numerator and denominator 
of (30). Thus, for m equal to A,, (30) gives 

1 


rjm 


in which A; is not equal to A, in any of the factors. This 
approach is admittedly rather crude but serves at least to 
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show, for example, whether particular changes tend to unchanged and the real part of the conjugate pair ! 
separate a pair of equal zeros on the real axis or convert becoming less negative. Taking 6a,,=0 and 6u—dy= t 
them into a complex conjugate pair. 0-05: e 
dA, =0 6A, = +0-159 — 0-020i 
dA, = —0:0796 +0-°159 + 0-020 
(a) The procedure outlined will be illustrated first 
for the case of a second order determinant with second so that the roots of the altered determinant should be 
degree elements. Higher order determinants involve no A,=-1 A, = — 0-109 + 3-00/ 
new difficulties, although the amount of work required A, = +0-355 ‘ac — — 0-109 — 3-007 
naturally increases rapidly with the order. Consider now F 
A Or ) (A yO ) If the new uw and wv are put into the determinant (35), 
| the accurate zeros of the new determinant are found to be: 
3 
+P,} (32) + 0-354 — 0:0795 3-01i. 
F(A) = 4, , (A w,) (A w,) (A- wy) (A Wy) - Comparison of these results shows that the pre- 
—4,,4,,A-w,A-w)A-w)A-wy). (33) dicted changes are of the proper sign and have fair 
accuracy. Of course accuracy is improved if alle 
_ _Equating coefficients of like powers of in (32) and (33) are taken, but what in 
and Wy Ws procedure consists not in an accurate determination of 
are ily i roots but in producing expressions like (38) as a guide to 0 
From these the 68, are easi — culated and are lor sma possible changes which can be made in order to achieve n 
changes in a,,, w, and w, only: desired results in the characteristics of the complete system, p 
58, =B, (w, (w, +4dw,) n 
68, =B,[w,w. + (, + tw) + + (b) A second example serves to illustrate the truth of it 
+B, [(w, + w,) (w, + dw,) + (w,dw, + w,dw,)] (34) equation (11), that the method does in fact merely compute 0 
58,=B, [(w, +w.) w,w,+w,w, (w,+w,)]+ the first order terms in the changes of the roots. Consider 
+B, [w,w, + dw.) + (wv, + (w.dw, + w,dw,)] a rigid body symmetrical about the x —z plane and deter- 
5B, = B,[w,w,w,w,] +B. Ow,dw, +w,dw,)] principal = of n 
e only non-zero cross-product of inertia, J... The process 
) Bow 6 the principal axes of the ellipsoid of inertia may ti 
1 a a aa a e done most easily by reducing the equation of the ellip- 5 
; . soid to canonical form using the inertia matrix 0 
As a simple numerical example, take : 
The determinantal equation is 0 


F (A)=A4 + 5A - 4 
with roots 
A =1 
A,= +0-435 
Writing w,=u+iv and w,=u-iv, 
68, ... 68, in equations (34), we find: 


A, = — 0-268 + 3-02: 
A,= — 0-268 + 3-02/ . 


and evaluating 


This is the matrix of coefficients in the equation for 
the ellipsoid of inertia referred to some set of axes in the 
body with the y-axis normal to the plane of symmetry. The 
characteristic numbers, which are the principal moments 
of inertia, are the roots of the equation. 


1,-X 0 

68, = 6a,,+46u 

6B, =- 28a,, — 86u + 46v (36) 0 1,-A’ 0 0 | 
68, =26a,, 46u 126v 0 


—46a,, + 86u + 86v 


The characteristic equation is the polynomial 


The changes in the zeros A, ...A, are computed from: AS + + +1, 
Taking 6P,— -J,.? and the reference set of 
or by using the product form for the denominator. Using roots are /,, /,, and /.. By symmetry of the body, /, is 
(36) and (37), the computed small changes are: always a principal moment of inertia so one root of (39) 
8A, = - 0-2148a,, is A, =I, and 6A,=0. The two remaining small changes 
BA, = —[ — 0-3888a,, +0-5746u + 1-0180] from the reference roots are thus easily found as: 
dA, =[0 41084,, +2 556u +0 6346v] (38) BA, (40) 
+i[ -—0-1426a, , 0-9496u + 0-5276v] fy 
= [0-4106a, , +2-556u + 0-6346v] The exact roots of (39) are and 
— if -0-1426a 0-9496u + 0-5276v] 


In the original determinant, A, = +0-435 is an unstable 
root in the right half plane; it is sovious from the relations 
(38) that with 6a,,=0, and 6u, év>0 this method shows 
that A, should become less positive, A, remaining 
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Assuming { 2J.,/(1.—I,) } * to be small, and retaining only 
the first two terms in the expansion of the radicals in these 
expressions yields 


/ 
A, 
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thus demonstrating the initial statement. 

The obvious application to dynamical systems serves 
mainly as a convenient context for discussion. Clearly 
the procedure can be used whatever the form of the 
elements in the original determinant (1), for the analysis 
depends only upon the expansion of the determinant into 
its associated polynomial and on the identities between the 
roots of a polynomial and its coefficients. 


Prediction of Transition in the Boundary Layer on an Aerofoil 


Comment by E. J. PRESTON, B.A. 
(Vickers-Armstrongs (Aircraft) Ltd.) 


RABTREE (July JoURNAL, page 525) has suggested a 
8 simple method for estimating the transition position 
on an aerofoil, based on the use of a single curve of 
momentum thickness Reynolds number (R;.) against a 
pressure gradient parameter at transition, m,. This curve 
makes some allowance for the effects of pressure gradient 
and laminar separation on the transition “point”, neglect- 
ing the effects of roughness, free-stream turbulence, and so 
on, but is considered “adequate for most practical pur- 
poses”. However, transition is a complex phenomenon, 
sensitive to a great variety of factors, so that Crabtree’s 
method should be accepted with some reservations. 

Smith and Gamberoni '? published the details of transi- 
tion position and other boundary layer data obtained from 
several series of tests (Table I of Ref. 1). These consisted 
of a selection of wind tunnel and flight tests on smooth 
aerofoils and bodies of revolution, with low turbulence 
levels and carefully controlled conditions. The pressure 
gradient parameter used was Hartree’s related to 


Crabtree’s m by 
m= 


2,500 
Ohi | 101 
i | = & 
ian CRABTREE 
|_|* 
\ | TWO-DIMENS! ONAL 
\ \ AEROFOILS ETC FROM 
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1,000 of ¢ | | 
6 
| 
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-0:02 +0:02 +0-04 +0-08 


PRESSURE GRADIENT PARAMETER m_ 
FIGURE A. 


The results are plotted for comparison with Crabtree’s 
curve in Fig. A. Mangler’s transformation was used in 
Ref. | to convert the data for bodies of revolution into 
equivalent two-dimensional co-ordinates. It is clear that 
for low values of m, Crabtree’s method may give errors 
in transition position of the order of 50 per cent. On the 
other hand Michel’s method, in which R;, is plotted against 
R., gave errors of the order of 20 per cent for the aerofoil 
data (Figs. 12 and 13 of Ref. 1) and 40 per cent for bodies 
of revolution. 

The main reason for the inaccuracy in these cases 
appears to be that neither method takes account of the 
variation of pressure gradient along the surface through 
the unstable part of the boundary layer. Transition depends 
on conditions throughout the laminar layer, not only on 
those where turbulent “bursts” are first observed. The 
poor results for bodies of revolution may be explained by 
the fact that Mangler’s transformation is not applicable to 
transition estimation except when the unstable region is 
very short”), 

In practical cases of present-day importance, however, 
the effects on transition of factors such as secondary flow, 
heat transfer at high Mach numbers and boundary layer 
control are likely to be more decisive than the effect of 
pressure gradients. There would seem to be plenty of 
scope for further work on the general problem of transi- 
tion in view of its importance in improving the economy 
of future generation aircraft. 
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Reply by L. F. CRABTREE 


The results given by Mr. Preston cover the region of 
m, in which my note specifically stated that more data 
were required. It was further stated that “the curve can be 
used with some confidence in regions of higher adverse 
pressure gradients” (i.e. above about ,=0-04). Thus, not 
so much was claimed as is implied by Mr. Preston. 

Apart from this I am in complete agreement and 
welcome the importance he has placed on the effects of 
parameters other than pressure gradient. 
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Madrid 
I. C. A. S., September 1958 


HERE is no doubt that the First International Con- 
gress of the Aeronautical Sciences, held in the 
Instituto Nacional de Previsién, Madrid, from 8th-13th 
September 1958, was a highly successful event and the 
organisers are much to be congratulated on another 
aeronautical “first.” The idea was first suggested two 
years ago, when there was an informal meeting of repre- 
sentatives from ten different countries, and since then 
it has been implemented by the International Council of 
the Aeronautical Sciences, whose Honorary President is 
Dr. Theodore von Karman, with financial assistance 
from the Daniel and Florence Guggenheim Memorial 
Fund. It was a great pleasure to all that Mr. Harry F. 
Guggenheim was able to be present at this first meeting. 
The delegates numbered nearly 600, from more than 
20 countries, the British representation of about 70 be- 
ing third in number to the 180 from Spain and 160 from 
the United States. There was a Russian delegation of 
ten, in addition to others from “iron curtain ” 
countries. 

Five countries provided the Organising Committee. 
but the “on-the-spot” arrangements were the work of 
the Spanish National Aeronautical Institute (I.N.T.A.), 
led by Colonel Pérez-Marin, and the staff of the Insti- 
tute of the Aeronautical Sciences, which has been 
appointed as the official Secretariat to the Congress. 
The Spanish have a reputation for meticulous attention 
to detail and this was apparent in the pre-Congress 
preparations. Delegates’ folders were carefully and 


The rostrum in the beautiful auditorium of the Instituto | 
Nacional de Previsién. 


attractively collated and, at registration time, were effi- }) 
ciently—and no less attractively—distributed. 
The proceedings were opened by Dr. von Karman, 
who read the Guggenheim Memorial Lecture in the hall | 
of the Instituto—a setting which combined beauty and | 
dignity with the functional requirements of an auditor 
ium. Thereafter 46 lectures, including the Juan de la 
Cierva Memorial Lecture, followed in the short space | 
of five days, involving, of course, “ duplicated ” sessions _ 
in the nearby Palacio de Comunicaciones. There were 
no lectures between one o'clock and four o'clock, an 
essential feature of life in the heat of Madrid, although 
the main lecture hall was air-conditioned. A _ surprise 
on the Thursday was the lecture on the mathematical 


Dr. von Karman with the Air Minister, General José Rodriguez solution of mixed flow problems, offered and delivered 
e Diaz de Lecea, at the Reception at the Spanish Air Ministry. by Dr. A. A. Dorodnitsyn, of the Russian delegation. 
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FIRST INTERNATIONAL CONGRESS OF THE AERONAUTICAL SCIENCES 


An interesting, and of course vital, part of this meet- 
ing was the multi-lingual equipment (Spanish, English, 
French and German) and, on the whole, this worked 
very well indeed. One of the lecturers who took the 
trouble to meet the interpreters beforehand, and to 
determine the optimum speed of delivery and length of 
phrase, was rewarded by excellent simultaneous trans- 
lation in each of the three other languages—and there- 
fore a much better discussion than most. 


This question of discussions is the only one on 
which it would be fair to make a criticism. They were 
poor, possibly for two reasons: the shortage of time 
allotted for discussion and the fact that preprints were 
expensive and not available until shortly beforehand— 
some of them not at all—and so would-be discussers 
had little opportunity to digest the papers themselves, 
let alone to consult their staffs before the conference. 
This was a pity, because the system of microphones 
was efficiently organised and worked well—an unusual 
feature of most conferences—and the presence of some 
very distinguished lecturers provided a golden oppor- 
tunity for impromptu discussion from the floor. 

The entertainment arranged for delegates included a 
splendid reception at the Spanish Air Ministry, a con- 
cert and reception given on behalf of the Lord Mayor 
of Madrid in the floodlit Cecilio Rodriguez Gardens and 
the final Congress Dinner in the Parque Florida, which 
was followed by an invigorating display of Spanish 
dancing. During the week most people managed to fit 
in visits to the Prado Museum, to Toledo, and to see 
more Spanish dancing. 

On the Tuesday, 9th September, the Society, with the 
President as host, gave a luncheon party to representa- 
tives of other aeronautical institutions, and this was a 
most successful and enjoyable occasion. 

The Congress closed on the Saturday morning with 
speeches by representatives of some of the participating 
countries and the announcement of the venues of the 
next two International Con- 
gresses—Ziirich in September 
1960 and Stockholm in 1962— 
dates awaited eagerly by all 
those who shared in the warm 
hospitality of Madrid in 1958. 


Dr. von Karman delivering the 
Daniel and Florence Guggenheim 
Memorial Lecture. The interpreters’ 
boxes can be seen in the top right 
hand corner, in the gallery. 


Papers at the Madrid meeting were generally given in the 

language of the author, translated simultaneously into three 

languages and transmitted through multi-channel equipment. 

The photograph shows delegates collecting receivers and head- 
sets outside the Conference Hall. 


All photographs courtesy of Alejandro, Madrid 
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Garden Party - 1958 


FTER five years the Society’s Garden Party for 1958 
was once more held at White Waltham, with the 
Fairey Aviation Company as hosts—a stroke of good 
fortune, for White Waltham was an oasis in practically 
the whole of southern England on that Sunday afternoon. 
Showers had been forecast for the 22nd June but when 
the Society’s members and their guests began to arrive at 
White Waltham in the late morning the showers in the 
area had accumulated into a heavy and continuous down- 
pour, with black, threatening clouds. The conditions were 
described as “a small complex trough of low pressure” 
and the depression took a firm hold on everyone. There 
seemed little chance of improvement until, as the first air- 
craft in the programme taxied out, just before 2.30 p.m.. 
the sky became lighter to the north-west. As the pilots 
took off, the rain stopped and we were treated to an after- 
noon of briiliant sunshine, the offending clouds, now well- 
developed thunderstorms, rumbling noisily away to the 
south. The Clerk of the Weather was clearly on our side 
after all and the Society’s members and guests were treated 
to the customary display of flying and weather fit for a 
Garden Party —much to the astonishment of those who had 
despaired and stayed at home. 

To pick out all the most interesting demonstrations is 
impossible because the tandard of flying was consistently 
high. Perhaps empha: 5 may best be laid upon the nostal- 
gic aspect of the pr eedings. The song of the Gloster 
Gladiator’s Mercury eng ~° and its slow-turning propeller 
were a delight and the sig of the Gladiator, newly res- 
tored in the authentic m «ings of No. 72 Squadron, 
R.A.F., was inspiring to th se who remember it in service 
in the 1930's. Similarly, Fairey’s Swordfish, occupied by a 
surprising number of people, some of whom waved as 
others bowed (while one lost a top-hat), gave great pleasure 
by “sauntering” back and forth in the hands of Peter 
Twiss. 

The Hurricane and Spitfire, treasured relics of Hawkers 
and Vickers-Armstrongs, tore at one another in low-level 
combat and the once familiar sound of Merlin exhausts 
brought people from the tea tents to watch Messrs. Quill 
and Bedford engaged in the sport of tail chasing. This 
event ended as usual with a short display of aerobatics for 
which Jeffrey Quill is so well known. 

Of the numerous Tiger Moths three gave an excellent 
performance of tied-together aerobatics. 

At the opposite end of the time-scale, Fairey’s demon- 
strated their ultra-light helicopter. This tiny two-seater 
leapt off the lorry on which it was driven on to the aero- 
drome and displayed remarkable agility with the aid of 
its Blackburn-Turbomeca and its rotor tip jets. An amus- 
ing but convincing demonstration ended when it returned 
to its lorry and was driven away. Helicopters had been 
missing from the programme for the past two years, so 
the Fairey Ultra-Light and the Westland Widgeon heli- 
copter were watched with special interest. 

Also making a welcome return to the programme were 
sailplanes, whose graceful demonstrations are always 
popular. 

The Society is indeed grateful to the many pilots, 
private owners, flying clubs and companies who annually 
make available the aircraft for the Garden Party, not only 
in the flying display, but in the static aircraft park. In 
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Courtesy of Flight 


President’s Reception:—-Sir Arnold Hall and Lady Hall with 
Major G. P. Bulman, Honorary Treasurer of the Society, and 
Mrs. Bulman. 


spite of the weather, some 50 aircraft got through from 
various parts of the country. The following took part in 
the flying programme:— 
Pilot 
H. Best-Devereux 
Miss Joan Short 
O. J. Tapper 
V. C. Varcoe 
D. A. Smith 
T. Wayman-Hales 
F. Ostermann 
Peter Twiss 
Bernard Neefs 
Gordon Slade 
“Ince 


Aircraft 
Auster 
Druine Turbulent 
D.H. Cirrus Moth 
Miles Gemini (Aries) 
Olympia Sailplane 
Beechcraft Bonanza 
Beechcraft Travel Air 
Fairey Swordfish 
Tipsy Belfair 
Fairey Junior 
Olympia 419 Sailplane 
Percival Vega Gull G. Rolls 
D.H. Rapide D. H. Whitehead 
Westland Widgeon Helicopter Sqn. Ldr. Derek Colvin 
Thruxton Jackaroos Capt. D. W. Phillips and 

J. Heaton 

Wing Cmdr. R. F. 
Mr. Mail 
David White 
D. W. Vernon 
Sqn. Ldr. W. R. Gellatly 
R. H. Williams 
H. C. Merewether 
A. W. Bedford 
J. K. Quill 
D. F. Ogilvy 
W. Bailey and D. F. Ogilvy 
P. J. Robins 


Gloster Gladiator Martin 
Cessna 171 

Blackburn B.2 

Foster Wickner Wicko GM.1 
Fairey Ultra-Light Helicopter 
Spartan Arrow 

Hawker Tomtit 

Hawker Hurricane 
Supermarine Spitfire 

Comper Swift 

D.H.C.1 Chipmunks 
S.A.A.B. Safir 

Tiger Moths Formation 


The Bishop C. Nepean Bishop 

Coupe A. G. Oldham 

Racing Types N. H. Jones and Miss M. 
Mackellar 

Aerobatic Type H. J. Piercy 


B. J. Snook, A. J. Jackson, 
Peter Gibbs and W. V. 
Fitzmaurice 


Tiger Moths 
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GARDEN PARTY 1958 


The static show in the New Hangar was dominated by 
the bus-like Fairey Rotodyne, which aroused great interest. 
Also on show was the R.A.F. Auster used in the Antarctic 
Expedition, shown by courtesy of the Air Ministry; an 
R.F.D. 26-man Life-Raft, by the R.F.D. Company Ltd.; 
examples of Air Photography, Mapping and Stereoscopes 
by Fairey Air Surveys Ltd.; an AT.SO Jet Instrument Fly- 
ing Trainer by Air Trainers Link Ltd.; “Sarah” Search and 
Rescue and Homing Equipment by Ultra Electric Ltd.; an 
English Electric Thunderbird by English Electric Co. Ltd.: 
a Model Centrifuge by the R.A.F. Institute of Aviation 
Medicine; and a Pressure Suit by the R.A.E. Among 
Guided Missile exhibits shown by courtesy of the Royal 
Aircraft Establishment were a model of the Skylark, a 
Research Test Vehicle, R.T.V.1, and Component Test 
Vehicle C.T.L.1, and a number of exhibits from Woomera. 
some of which were shown at the lecture given to the 
Guided Flight Section of the Society by Mr. R. W. M. 
Boswell earlier this year and which included a liquid fuel 
motor, a tank section recovered from an R.T.V.1 and a 
model of a recovery system. The Science Museum also 
had a most interesting exhibit which included model aero- 
planes, working models from a sleeve valve engine, a Hele- 
Shaw Beecham propeller of 1928, a D.H. cam-type pro- 
peller of 1939, a sectioned Viscount propeller, and histori- 
cal material and animated diagrams. 

The Council of the Society wish to thank all those who 
so generously provided the exhibits in the Static Display. 

The Council also wish to thank the Air Ministry and 
the Fairey Aviation Company Ltd. for permission to use 
White Waltham Aerodrome, and the Ministry of Transport 
and Civil Aviation for the Air Traffic Control arrange- 
ments, and Headquarters, Home Command, Royal Air 
Force, and West London Aero Club for their co-operation 
at White Waltham. 

The Society is particularly indebted to Mr. G. W. Hall, 
Chairman and Managing Director, and the Directors and 
Staff of the Fairey Aviation Co. Ltd., for their constant 
practical help over many weeks with the organisation and 
arrangements on the aerodrome. To Group Captain R. G. 
Slade, Mr. L. P. Twiss, Chief Test Pilot, who was in charge 
of flying for the Garden Party, Mrs. A. C. White, Mr. I. H. 
Powell, Mr. V. Robb and Mr. Derek Thurgood, all of 
Faireys, the Society is especially grateful. 

Music throughout the afternoon was provided by the 
Fairey Aviation Works Band, which under the 
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Formation aerobatics by three tied-together Tiger Moths. In 
the foreground is the prototype Fairey Fulmar. 
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direction of Mr. Harry Mortimer, and which was con- 
ducted by Mr. Leonard Lamb, and to them also the Society 
is indebted. 

The Society also wishes to thank Mr. Alan Brothers, of 
English Electric Co. Ltd., for his broadcast commentary 
throughout the afternoon. 

Without the work of the Pilots and of the Ground 
Crews there could be no Flying Display and no Aircraft 
Park, and the Society deeply appreciates their co-operation. 
The Society is greatly indebted to the many private owners 
and to the following for making the aircraft and the static 
exhibits available: — 

The Air Ministry: Air Trainers Link Ltd.; Air Service 
Training Ltd.; Aircraft Associates Ltd.; Automobile Asso- 
ciation; Aviation Traders Ltd.; Avions Fairey S.A.; Black- 
burn and General Aircraft Ltd.: de Havilland Aircraft Co. 
Ltd.; Derby Aviation Ltd.; Edgar Percival Aircraft Ltd.; 
English Electric Co. Ltd.; the Fairey Aviation Co. Ltd.: 
Gloster Aircraft Co. Ltd.; Hawker Aircraft Ltd.: Institute 
of Aviation Medicine: Jackaroo Aircraft Ltd.; Kelvin and 
Hughes Ltd.; Popular Flying Association; Royal Aircraft 
Establishment: the Science Museum; Shell Mex and B.P. 
Ltd.; Southport Aero Club: Ultra Electric Ltd.: Vickers- 
Armstrongs (Aircraft) Ltd.; Westland Aircraft Ltd.: and 
the Wiltshire School of Flying. 

The Society also wishes to thank Shell Mex and B.P. 
Ltd. for refuelling services; the Service Department, de 
Havilland Engine Co. Ltd.; the Service Department, Avia- 
tion Division, Dunlop Rubber Co. Ltd.; Antone Ltd. for 
loudspeaker arrangements: the Pyrene Company Ltd. for 
fire equipment; and the British Aviation Insurance Co. Ltd. 

In addition, the Society thanks the students of the de 
Havilland Technical School; R.A.F. Apprentices from 
Halton: the Berkshire Constabulary; the Royal Automobile 
Club; the St. John Ambulance Brigade personnel: Dr. 
Frank S. Preston who was Honorary Medical Officer for 
the day; and British European Airways for the Mobile 
Medical Unit. 

To name each individual or organisation which con- 
tributes to the many arrangements necessary for the 
Garden Party is not possible: just “Thank you” seems 
woefully inadequate. nevertheless the Council, the Secre- 
tary and the Staff say it most sincerely. 
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The D.H. Cirrus Moth of 1952. In foreground the nose of the 
Automobile Association’s D.H. Dragon Rapide and a Vega Gull. 
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Sir Gerard d'Erlanger. 


Air Transport Auxiliary 

The fourth meeting of the Autumn Session was held 
on Tuesday 11th November, when Sir Gerard d’Erlanger 
spoke on “The Air Transport Auxiliary.” 

The first ideas for forming the organisation that was 
subsequently to become the A.T.A. came in 1938. Sir 
Gerard began to press the Government and other official 
sources to make use of the relatively large number of pilots 
available in the country who were considered unsuitable 
for service with the R.A.F., mainly on medical grounds. 
At first there was little reaction but on 17th August 1939 
when war with Germany seemed inevitable, permission was 
given to Sir Gerard to form a small group of not more 
than thirty pilots capable of flying small communications 
aircraft whose job, in the event of war, would be to assist 
in maintaining communication. Due to its very small size, 
the organisation was, for administrative purposes only, to 
be attached to British Airways. Testing began at Whit- 
church and within a matter of days 28 pilots had signed 
on and started training. 

This situation, however, soon altered. Seventeen days 
after the outbreak of war, the R.A.F. realised that they did 
not possess the necessary manpower for ferrying duties and 
this task was therefore allocated to the newly formed 
A.T.A. This, of course, necessitated a rapid expansion of 
the organisation. The Headquarters was moved to White 
Waltham and training of the additional pilots began. 


Graduates’ and Students’ Section 


The two main problems that had to be overcome were: 
(i) Training pilots to fly all types of aircraft from single 
engined training machines to heavy bombers. 
(ii) Arranging for the transport of the ferry pilots between 
the White Waltham base and the factories and the 
operational airfields. 


The first problem was solved by categorising all aircraft 
into five groups:— 
(i) single-engined training aircraft 
(ii) single-engined fighters 
(iii) light twin-engined aircraft 
(iv) twin-engined bombers 
(v) four-engined bombers. 


For each of these groups a “Class Book” was com. 
piled describing the main generic handling properties. Each 
pilot had to fly an aircraft from each of the groups before 
he was considered fully trained. There was also a loose- 
leaf handbook which detailed the particular handling quali- 
ties of each aircraft likely to be encountered. This hand- 
book was in data-sheet form, each aircraft being allocated 
one page. 

This combination of class and hand books, when allied 
to the enthusiasm and skill of the pilots forming the 
A.T.A., proved extremely efficient, and the number of 
accidents which occurred due to the unfamiliarity of the 
pilot with the aircraft was very small indeed. 

The second problem, of transporting pilots, was a daily 
one and its solution called for very careful planning to gain 
maximum utilisation of the communications aircraft avail- 
able. 

Until 1944 the ferrying of aircraft between factories, 
maintenance units and operational airfields was the prime 
task of the A.T.A., but after the invasion of Europe they 
reverted to quite a large extent to the original job envis- 
aged for them, i.e. communications work. 

Throughout their period of operation, the A.T.A. 
ferried 309,000 aircraft and flew altogether 415,000 hours 
on 147 different types. Air crew numbered 1,187 when 
the war was finally won. G.R.D. 


Representative 

Mr. J. Coplin, who was on the Section Committee in 
1955-6, has kindly offered to be our representative in the 
Derby area. His address is: c/o Rolls-Royce Ltd., Dept. 
61, Elton Road, Derby. 


New Committee Member 


Mr. J. D. Duncan has been appointed the Section’s 
representative on the Committee of the Society's Guided 
Flight Section. He has also been co-opted as a member 
of the Graduates’ and Students’ Committee. Mr. Duncan 
is employed on structural design with the de Havilland 
Aircraft Co. Ltd. 


Visits 

Application should now be made for the visit to 
Vauxhall Motors at Luton on Wednesday 21st January 
where we shall see the new factory produced specially for 
the new Victor. Applications to the Hon. Visits Secretary, 
A. R. M. Pickering, “ Riverside,” Vicarage Walk, Bray, 
Berks. 
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THE LIBRARY 


Reviews 


GLIDING—A HANDBOOK ON SOARING. FLIGHT. 
Derek Piggott. Adam and Charles Black, London, 1958. 
261 pp. Illustrated. 25s. 

The frontispiece shows the author about to take off 
in a two-seater sailplane with the Duke of Edinburgh as 
passenger, a photograph which illustrates the importance 
of the post held by Derek Piggott. He is Chief Flying 
Instructor at the Lasham Gliding Centre, the largest in 
the Commonwealth. Like many other teachers, Piggott 
has felt the urge to set down the essence of his knowledge 
and there can be few better qualified to do so. 

This manual on glider flying follows much the same 
lines as One on flying a light aeroplane. The effects of the 
engine are omitted but among the extra topics are launch- 
ing procedure, cable breaks, and the whole problem of the 
best gliding speed in down-currents and headwinds. A 
good understanding of meteorology is more important to 
a sailplane pilot than to any other, so that important 
chapters are devoted to thermals, hill lift and wave lift and 
to the exploitation of these gifts of nature. Finally certain 
problems peculiar to gliding are discussed; landing in 
strange fields, speeds to fly between thermals and the 
regulations for the international gliding awards. 

A study of this book would be of most value to the 
beginner who hopes, in a year or two, to be flying cross 
country. There are, however, many glider pilots whose 
flying would be improved by its study and others who, 
although without the intention of becoming a glider pilot, 
would be interested in the soaring pilot’s task. The text 
is easy to read, eschews mathematics and is well illustrated 
with first-class line diagrams and some lovely photographs. 

It is unlikely that this book will be noticeably outdated 
in ten years time. Since this is an unusual quality for a 
book on aviation, the claim is worth elaborating. The 
pace of change in military aviation quickens; the civil 
transport scene also changes quickly and development is 
steady. Lavish public expenditure ensures that no 
technical development is ignored. 

Sporting flying in Britain, financed by pocket money, 
is, however, in a different position. Light aeroplane clubs 
appear to exist on designs of the nineteen thirties. No new 
flying techniques are required except those to familiarise 
pilots with the growing restrictions on their flying. The 
gliding movement is more lively—it has absorbed develop- 
ments in low speed aerodynamics, in structures and 
instruments and it has stimulated and used meteorology. 

Developments are especially rapid in France where 
aircraft firms have been flexible enough to switch from 
fighters to serially produced sailplanes. Poland, too, has 
become a major exporter of sailplanes, having built up a 
whole industry at the cost of one V-bomber. In Britain, 
however, development is strictly limited by a lack of cash 
and, as a result, Derek Piggott’s book will read as well 
ten years from now as it does today.—-ALAN YATES. 


BRITISH NAVAL AIRCRAFT 1912-58. Owen Thetford. 
Putnam, London, 1958. 426 pp. Illustrated. 50s. 

This book is complementary to Aircraft of the Royal 
Air Force 1918-57 by the same author which was published 
in 1957 and it is to be followed by another work, British 
Civil Aircraft 1919-59 by A. J. Jackson, which is to be 
published in two volumes next year. These books between 
them will provide a remarkably complete historical review 
of pretty well every type of aircraft which has seen service 


with the British forces or civil operators since the start of 
practical aviation in this country. 

To be of any real value as works of reference, bocks 
of this kind must, of course, be entirely accurate and com- 
plete. The first of the series, about aircraft of the R.A.F., 
set a very high standard—which has, I believe, now been 
still further improved in a revised second edition. 

This book on Naval aircraft seems to be at least as 
good in these respects as its predecessor. Indeed, this 
reviewer spotted only a few immediately obvious errors 
in a careful reading through the text. The drawings and 
tables of data similarly give evidence of the sort of care 
and research in their preparation which is esseutial and, 
from a few spot checks, it appears that these also are 
generally beyond serious criticism. The photographs are 
particularly well chosen, which is important in a book 
with so many illustrations—there are more than 350 photo- 
graphs. Hackneyed photographs can completely spoil for 
the knowledgeable reader what may otherwise be a well- 
produced historical work. 

One error which was noticed did not directly concern 
the aeronautical subject matter. The author fails in 
several places to distinguish properly between escort car- 
riers and merchant aircraft carriers. Escort carriers were, 
of course, proper warships. MACships, on the other hand, 
were merchant vessels—either grain ships or tankers— 
which carried their normal cargoes but were also fitted with 
a rudimentary flight deck from which Swordfish were 
operated on anti-submarine duties by a small naval detach- 
ment from 836 or 860 Squadrons accommodated on board. 

A good deal of research would be required to con- 
firm that Mr. Thetford has indeed justified his publisher’s 
claim that he has described “‘all the aircraft ever flown in 
regular service by the Naval Wing of the R.F.C., the Royal 
Naval Air Service and the Fleet Air Arm.” However, 
having flown most of the types of aircraft used by the Royal 
Navy during the Second World War, as a long shot this 
reviewer turned up the last pages of his old log books on 
which the types flown are recorded. There were a num- 
ber of discrepancies. Mr. Thetford makes no mention of 
the Bristol Beaufort II, the Westland Lysander or the 
Canadian-built Avro Anson II. Yet these three types 
were certainly in regular service as the complete equip- 
ment of naval training squadrons during the War. Less 
important omissions are the Hart Trainer, the Master II 
and the Beaufighter X which were also used by the Navy 
in smaller numbers. In addition, there were a number of 
impressed light aircraft at naval air stations during the 
War. None of these aircraft are referred to, although 
many other “casual” types used by the Navy at various 
times are included.—PETER W. BROOKS. 


VON RICHTHOFEN AND THE “FLYING CIRCUS.” 
H. J. Nowarra and K. S. Brown. Edited by Bruce Robertson. 
Harleyford, Letchworth, 1958. 207 pp. Illustrated. 45s. 
That this book just misses being first-rate is not due to 
lack of effort on the parts of its compilers and editor. In 
the 141 pages of narrative and 64 of related appendices 
one learns a great deal about Rittmeister Manfred 
Freiherr von Richthofen, about his contemporaries, their 
units and the aircraft they flew. The illustrations are 
numerous and excellent, and go some way towards re- 
creating the atmosphere of a period in aviation history 
that is in some danger of assuming legendary qualities. 
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of the original Richthofen squadron. 


lacking in the true fire of authenticity. 


The result is a pedestrian book with moments of bathos 


and sententiousness and containing too many exclamation 
marks. 
textual and photographic, that is only broadly relevant 
to its proclaimed subject matter; but the padding is cun- 
ningly done and is itself of interest. If it be argued that 


parts of this book are pastiches of other writings about 


Richthofen and his comrades, it must still be conceded 
that they are intelligent pastiches and the whole is con- 
siderably superior to earlier books about Germany’s 
leading fighter pilot of the First World War. 

Not that the text is factually faultless. British readers 
who have some knowledge of the air fighting of that war 
will neither welcome nor accept the statement that Max 
Immelmann was “killed when his machine crashed due 
to a technical fault.” There is no reason to doubt that 
he was shot down by McCubbin’s observer, Corporal 
Waller. Nor will the observant reader believe that the 
illustrations at the tops of pages 104 and 105 really were 
taken just before Richthofen took off on his last flight: 
there is contrary evidence within the book itself. 

In places the text suffers from a surfeit of detail— 
aircraft numbers, their engine numbers, occasionally even 
machine-gun numbers, erupt through the narrative. Their 
presence indicates the painstakingly thorough work that 
has gone to make up this book, but they would have been 
more conveniently incorporated in an appendix—where 
they would have been less of an irritation to the reader. 

Perhaps the most unfortunate feature of the book 
(particularly in view of the publisher’s somewhat flamboy- 
ant advertising) are the twelve six-view drawings of air- 
craft that were flown by Manfred von Richthofen or his 
unit. These are described as “ engineer’s drawings,” but 
several of them (notably the Fokker D.VII and D.VIII, 
Pfalz D.IIf and Halberstadt D.II) are quite unpardonably 
inaccurate; others contain inconsistencies. 

Nevertheless, its faults notwithstanding, this volume 
contains a great deal of interesting narrative and pictures 
relating to aerial combat during the First World War. If 
at times the reader has to work hard to retain his grip 
on “the full and authentic Richthofen story,” the effort 
is generally worthwhile and interesting. But one cannot 
escape a feeling of regret that a British publisher should 
have taken such trouble to produce an elaborate and 
lavishly-illustrated book dealing with a German pilot. 
There were so many British and French contemporaries 
of Manfred von Richthofen—equally skilful, possibly 
more gallant—whose careers are still enfolded in a mystery 
now forty years old. 


PATHFINDER. Air Vice-Marshal D. C. T. Bennett. 
Frederick Muller, London, 1958. 287 pp. 18s. 


Air Vice-Marshal Bennett has for a long time been 
one of the most remarkable and controversial! figures in 
British Aviation. His autobiography is therefore of the 
greatest interest to everybody in the business and will not 
disappoint anyone who knows of the author’s reputation 
for speaking his mind and forcibly putting forward original 
views on many of life’s problems. 

Sir Arthur Harris, the great wartime Commander-in- 


Yet one wishes that the narrative might have been 
enlivened by the words of some of the surviving members 
Instead one gains 
the impression that the editor has had to grapple with 
some pretty turgid and pedestrian stuff. Careful and 
extensive though the underlying research has been, the 
effect of the assembled synthesis is somewhat clinical and 


It is liberally padded with much material, both 


Chief of Bomber Command, in his 1947 book Bomber 
Offensive, Summed up Bennett very shrewdly :— 

“His courage, both moral and physical, is out. 
standing, and as a technician he is unrivalled . . . His 
consciousness of his own intellectual powers sometimes 
made him impatient with slower or differently consti. 
tuted minds, so that some people found him difficult 
to work with. He could not suffer fools gladly, and by 
his own high standards there were many fools . . . He 
has a most unusual memory and can pick up a book 
on some highly technical subject and in a very short 
time get the whole thing off by heart; he is, in fact, 
very much an intellectual and, being still a young man, 
had at times the young intellectual’s habit of under. 
rating experience and over-rating knowledge. All this 
is, of course, rather unusual in a fighting man and we 
were lucky to get a man of such attainments to lead 
and form the Pathfinders.” 

Bennett is, of course, best known as the founder and 
only commander of the R.A.F.’s Pathfinder Force during 
the Second World War, but his career in Aviation has been 
both remarkable and varied, particularly for a man who is 
now only 48. He joined the R.A.A.F. as a cadet pilot 
in 1930; held a short service commission in the R.A.F,; 
became an Imperial Airways pilot in 1936; was pilot of the 
upper component of the Mayo composite aircraft during 
its several notable flights; captained one of the two in- 
augural scheduled flights on the first North Atlantic service 
in 1939; organised the North Atlantic Ferry Organisation 
which flew American aircraft to this country during the 
War: flew a tour in Bomber Command as C.O. of a 
Whitley squadron; commanded a Halifax squadron and 
was shot down over Norway, evaded capture and returned 
to this country by way of Sweden; formed and commanded 
the Pathfinder Force; at the end of the War, became 
Liberal Member of Parliament for Middlesbrough West: 
returned to Civil Aviation and became Chief Executive of 
British South American Airways Corporation; after leav- 
ing B.S.A.A., operated his own air transport company and 
has been involved in other industrial activities since. 

It is clear that Bennett is no ordinary man and on many 
counts it is a great loss to British Aviation that he is not 
playing any leading part in it today. After reading this 
autobiography, it is easier to understand why the nation 
has failed, during the past ten years, to make all the use 
it might have done of his talents. Although Pathfinder 
breaks off the story at the end of the War, by then the 
reader. will probably think that he knows enough about 
the author’s character to be able to understand something 
of the untold story of B.S.A.A. 

In a way this is a sad book. It leaves anybody who 
has the interests of this country at heart with a sense of 
loss. One has the feeling that brilliant men are all too 
rare and that, even if their fellow men sometimes find 
them difficult to get along with, on balance they have so 
much to give that we cannot really afford not to make 
full use of them.—PETER W. BROOKS. 


CAMERA IN THE SKY. Charles Sims. Temple Press Ltd., 
London, 1958. 227 pp. Mlustrated, Index, 25s. 

Charles Sims is one of the finest photographers of 
aircraft in the world and it was particularly pleasant to 
receive Camera in the Sky. This book contains some 
brilliant and spectacular action photographs, many of 
which have appeared in The Aeroplane. 

Camera in the Sky is a short autobiography covering 
Sims’ R.A.F. service as a photographer up to 1927 and his 
subsequent experience with The Aeroplane. He is one of 
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the great pioneers of aircraft photography and the 
reminiscences of his work in peace and war, on test flights, 
formation flying, air exercises, air races, naval occasions 
and Royal occasions are told in a pleasant and easy style. 

There are one or two errors which should not have 
crept in and it is a pity that such superb photographs were 
not given a better quality paper. Otherwise it is an entirely 
admirable book. 

If anything is missing, it is a note or appendix giving 
the photographic enthusiast (of whom there are many 
interested in aircraft) some notes on the equipment and 
techniques which Charles Sims has used in his long 
experience of a skilled and exacting profession.—a.s.C.1. 


THE WORLD'S SAILPLANES. Betsy Woodward et al. 
OSTIV, Berne, 1958. 230 pp. Illustrated. 17s. 6d. 

The sailplane is the most elegant of the many present 
types of aircraft. The requirement of a flat gliding angle 
leads to a high aspect ratio and aerodynamic clean-ness — 
both contributors to elegance. The avoidance of the 
excrescences often associated with engines and armament 
and the bright colours chosen to aid identification and to 
reduce the danger of collision add to the picture. 

140 sailplanes manufactured in fifteen countries are 
described in this book. Each has a descriptive paragraph, 
a three-view arrangement and a photograph. In tabular 
form are given the detailed dimensions and weights, the 
flight envelope and the performance. Most are post-war 
designs although a few, classic, older sailplanes are 
included. An essay on sailplane design and an explanation 
of the technical terms used complete the book. 

This small section of the world’s aircraft industry, 
operating largely without government subsidy, has experi- 
mented with laminar wings of sandwich construction and 
with wing and fuselage dive brakes and tail parachutes. 
It has produced sailplanes of wood, metal and now the 
first all-fibre-glass aircraft. Standards of performance, 
strength and control have steadily been improved until 
gliding angles of one in forty and half bunts with rolls off 
the bottom have been achieved. 

The publishers, the “Organisation Scientifique et 
Technique Internationale due Vol a Voile” (OSTIV), have 
done well in assembling details of the most important of 
these gliders. The prime mover was Miss Betsy Woodward 
of the U.S.A. assisted by three members of the Royal 
Aeronautical Society, K. G. Wilkinson, P. W. Brooks and 
B. S. Shenstone. Parts of the book have appeared in the 
OSTIV official organ, Swiss Aero Review and the inter- 
national sponsorship explains the metric measurements and 
the translation of the sailplane descriptions and technical 
terms into French and German. 

OSTIV and its voluntary helpers are to be congratulated 
on producing this excellent little book.—ALAN YATES. 


NATURAL AERODYNAMICS. R. Scorer. 
Press, London, 1958. 312 pp. Illustrated. 60s. 
Aerodynamics is not only the study of air flowing over 
the surfaces of an aeroplane. Dr. Scorer’s students are 
Well aware of this since they receive lectures from him on 
4 wide variety of problems in fluid motion and they will 
notice that, in this book, he illustrates his principles with 
examples taken from meteorology and hydraulics but 
seldom from aeronautics. Hence the name, Natural Aero- 
dynamics. A good standard of mathematics is assumed 
throughout but, like all good teachers of applied mathe- 
matics, the author explains the physical meaning of the 
terms in his equations and the reader need not be baffled 
by them. The basic principles of fluid flow are established 


Pergamon 


in chapters on Inertia forces, Motion on a rotating earth, 
Vorticity and Viscosity. Then follow chapters on Boundary 
layers, Wakes and turbulence, Buoyant convection, Plumes 
and jets, Air Waves, Clouds and fallout. 

The book ends with a thoughtful essay on Philosophy 
of method in which Dr. Scorer explains the physicist’s 
approach to natural phenomena. Observation to ascertain 
the facts must be followed by a search for “a theory, or 
pattern, and the inspiration comes when we notice some- 
thing which will not fit, or which suggests a simplification.” 

Dr. Scorer’s own contributions to our understanding of 
natural aerodynamics illustrate this philosophy. The 
phenomena he has studied include waves in the atmos- 
phere in the lee of mountains and convection. For many 
years he has collected from glider pilots reports of flights 
in lee waves and in “* thermals.” Observations from the 
ground of cloud patterns have been added and the simplest 
possible “ model” constructed which obeys the physical 
laws and satisfies, as nearly as possible, the observed facts. 
The model is successively improved as new information 
is discovered or new parameters found to be significant. By 
a rare combination of a good physical insight with high 
mathematical and experimental ability, Dr. Scorer has 
added to our knowledge in several fields of natural aero- 
dynamics. He points out that Archimedes understood the 
buoyancy forces on solid bodies but that “ only recently 
have serious studies been made of the motion that results 
when the thing that is immersed is also a body of fluid.” 
The author’s studies—mathematical and experimental, in 
the realms of hydraulics, meteorology and even biology— 
are well set out in the chapter on buoyant convection. 
Similar methods have led to a better understanding of air 
pollution from chimneys and of the dangerous down- 
draughts in mountainous regions. 

This thoughtful book is warmly recommended to any- 
One interested in the physical processes to be observed 
in the air around us.—a. H. YATES. 


AN INTRODUCTION TO FLUID DYNAMICS. F. J. Bayley. 
Allen and Unwin, London, 1958. 215 pp. Illustrated. 28s. 
This is an elementary text book on Fluid Mechanics 
which might be of use in an initial course on the subject. 
The mathematical treatment is, in general, very simple 
and some of the chapters are almost entirely descriptive. 

In a text book, clarity is a cardinal virtue. While many 
of the physical descriptions of problems are well set out, 
the important subject of units is not as clearly explained 
as could be expected. In the opening chapter it is stated 
(very properly) that “the distinction between weight and 
mass is the source of much confusion”; however, the 
student would have to consult some other books to have 
this confusion dispelled. The “ slug,” that useful animal, 
is never mentioned. 

The use of “ specific weight” is, in general, preferred 
to “ density ” in the book, and thus it will be more useful 
to students studying Civil or Mechanical Engineering than 
to those studying Aeronautical Engineering. 

In the chapter on momentum changes in moving fluids, 
there is insufficient distinction between the velocity of a 
moving particle and the velocity of the fluid at a fixed 
point. Some of the streamlines in Fig. 3.12 (illustrating 
the vena contracta) just end in the middle of the fluid. 

Flow over immersed bodies is dealt with mainly in a 
descriptive manner (with 1 very old fashioned aerofoil in 
Fig. 9.5 and no scale fe: the pressure distribution). The 
mathematics used in deriving the momentum equation 
of the boundary layer is out of keeping with the rest of 
the book and could easily be avoided by considering the 
simpler case of a flat plate in a stream with zero pressure 
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gradient. Blasius’s work on flow in pipes is mentioned but channels and fluid machinery which will be of use to 
not his better known work on laminar flow over plates. students of hydraulics. Numerical examples and answers 

There are chapters on losses in pipes, flow in open are given at the ends of chapters.—a. W. BABISTER. 

( 

Additions to the Library Sw 

Aircraft Engines of the World 1958/9. P. H. Wilkinson. in boundary layer theory are among the contributors 
Wilkinson, Washington. 1958. 320 pp. _ Illustrated. —von Karman, G. I. Taylor, Ackeret, Wieghardt, Te 
$15.00. Completely revised, and with 75 new illustra- Gortler, Thwaites, Townsend, Schubauer, Stewartson, ; 
tions, this is the sixteenth in the series. It contains up- Lin, Mirels, Oswatitsch, Tani, Timman, Gadd, Eichel- ' 
to-date information on all forms of aircraft propulsion, brenner, Glauert and many _ others—and this js 
including a nuclear section, and tabulated data on the obviously a book which no boundary layer specialist 
aircraft which are powered by them. There are can afford to be without. It is produced in the ‘ 
additional sections on fuels and lubricants and on impeccable Springer style. " 
accessories. Handbook of the Aircraft Industry. J. L. Nayler and 

Airline Competition in Canada. S. T. Wheatcroft. T. F. Saunders. (Editors.) George Newnes, hon 
Canadian Department of Transport. 1958. 48 pp. A study 1958. 341 pp. 35s. It is manifestly impossible to Tr 
undertaken at the request of the Canadian Minister. The review the whole of the aircraft industry in a book of 
sub-title is ““a study of the desirability and economic 341 pages but the editors have “collected” authors 
consequences of competition in Canadian Trans- who are authorities in their various fields and these Us 
continental Air Services.” have reviewed the position as it stands at present. A ! 

Airplane Design Manual. (4th Edition.) Frederick T. “Who’s Who” (on what basis?) is included, a 
Teichmann. Pitman, New York. 1958. 488 pp. pictorial guide to modern aircraft, a glossary of aero- 
Illustrated. 60s. First published in 1939. The Third nautical terms and a list of abbreviations. 
Edition (1950), reviewed in the JouRNAL for November Internal Flow Problem in Axi-Symmetric Supersonic Flow, 
1952 (p. 856), was recommended to “the student who The. J.J. Mahony. Phil. Trans. Roy. Soc., London. | 
wants a good general picture of the design problem 1958. 2tupp:. 7s. 
before proceeding to a more rigorous study of the Jet Age Planning. U.S. Civil Aeronautics Administration, | 
subject.” The book has now been expanded to cover Washington, U.S.G.P.O. 1958. 41 pp. 2s. 8d. Wi 
recent developments and an attempt has been made List of References on Flight by Human Muscle Power. | 
to amplify the analytical approach to design problems R.A.E. Ministry of Supply, London. 1958. 21 pp. : 
as well as the purely empirical one. ; , Market for Used Aircraft, The. United Research Inc, | 

Airship, Aeroplane, Aircraft. Svante Stubelius. Almqvist 1958. 24 pp. A study prepared for the Logistics and | 
sae ect aa 1958. 341 pp. Swiss francs 25. Training Systems Division of Air Research and ee 
4 : Development Command, U.S.A.F. All aspects of the 

Axial Flow Compressors. J. H. Horlock. Butterworths sale and purchase of secondhand siaeale “oath in the } 2%? 
Scientific Publications, London. 1958. 189 pp. United States and abroad, are considered. 845 
Illustrated. 40s. To be reviewed. Mechanics of Machines. J. Hannah and R. C. Stephens. 

Bluey Truscott. Ivan Southall. Angus and Robertson, Edward Arnold, London. 1958. 236 pp. Illustrated 846 
Sydney. 1958. 203 pp. Illustrated. 18s. The story of 
Squadron Leader Keith (“Bluey”) Truscott, D.F.C., one Pi Histo f Fli ht 
of Australia’s best known fighter pilots and a member of 7958 199 652 847 
First published in 1955, the last 12 pages of this pictorial | 
pag history have been almost completely revised and now 849 
character, describes the birth and exploits of No. 452 I I, and 
Squadron led by Flight Lieutenant Paddy Finucane over Pr ‘Wat 850 
and across the channel, and Truscott’s recall to Pri . d Noise Th 
Australia in 1942 to take part in the Pacific war until Be "Y ated 851 
his death in March 1943 while flying a Kittyhawk. The Hall 1958 Chapman 38 352 
descriptions of fighter sweeps and combats across the PP. 
channel are well told and the last seven chapters give To be reviewed. : 853 
a vivid picture of conditions in the Pacific and the Battle Rainbow and the Rose, The. Nevil Shute. Heinemann, 
of Milne Bay. London. 1958. 306 pp. 16s. Nevil Shute at his best 854 

Camera in the Sky. Charles Sims. Temple Press, London. again—the storyteller, not the prophet. A fine story, 

1958. 217 pp. Illustrated. 25s. too, of efforts to rescue a dying flying instructor in 855 

Design of Circular Cylindrical Shells. Ivar Holand. Tasmania, with flashbacks to his earlier life in England ]  g¢¢ 
University Press, Oslo. 1957. 252 pp. Studies on the and in airline service on the Vancouver-Sydney route. 
design of circular cylindrical shells, based on the er to mention that the flying details 857 
mathematical theory of elasticity, undertaken with a 
Norway. ondon. strated. Wo 

Study of Jet-Flap Compressor Blades, An. wed. 859 
E. L. Clark. Cornell University School of Aeronautical Russian Commercial Aviation—Friend or Foe? Harriet 
Engineering, New York. 1958. 53 pp. E. Porch, Denver. 1958. 147 pp. Duplicated. An 860 

Grenzschichtforschung. H. Gortler. (Editor.) Springer- American research report, this paper reviews the 
Verlag, Berlin. 1958. 411 pp. Diagrams. DM 67.50. development of Russian aviation, the growth of Aero- | g 4 
(In English, German and French.) The 32 papers, with flot, airlines of the satellite countries and the economic Pre 
discussions, read at the Boundary Layer Research effects of Russia's aviation expansion. It discusses we 
Symposium (sponsored by the International Union of whether Aeroflot’s increased activities will result in _ 
Theoretical and Applied Mechanics) at Freiburg in healthy competition or present a threat to the United t 
August 1957. 17 of the papers are in English, States economy. Lo ; ; 824 
14 in German and one in French. All the great names Special Technical Publications. American Society for Test- 
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ing Materials, Philadelphia. No. 196 Metals (175 pp. 
$3.60). No. 201 Symposium on Structural Sandwich Con- 
structions (102 pp. $2.00) No. 203 Fatigue of Aircraft 
Structures (100 pp. $2.00). No. 204 Symposium on 
Titanium (208 pp. $3.50). No. 227 Thermal Properties 
of Thirteen Metals 1958 (29 pp. $1.00). 

Switching Circuits: With Computer Applications. 
S. Humphrey Watts. McGraw-Hill, London. 1958. 
257 pp. Illustrated. 66s. To be reviewed. 

Technology of Columbium (Niobium). Fdited by 
B. Gonser and E. Sherwood. John Wiley, New York. 
Chapman and Hall, ‘London. 1958. 120 pp. Illustrated. 
56s. The 17 papers presented at a Symposium of the 
Electrothermics and Metallurgy Division of the Electro- 
chemical Society in Washington, D.C., in May 1958. 

Textbook of Fluid Mechanics, A. J. R. D. Francis. 
Edward Arnold, London, 1958. 332 pp. Illustrated. 
24s. To be reviewed. 

Transform Method in Linear System Analysis. John A. 
Aseltine. McGraw-Hill, London. 1958. 300 pp. 
Iliustrated. 66s. 

Upper Atmosphere, The. (2nd Edition). S. K. Mitra. 
Asiatic Society, Calcutta. 713 pp. 86s. What was 
once a book to interest only meteorologists h»s now 
taken on a new significance. Useful chapters include 
“Temperature in Upper Atmosphere,” “ Rocket 
Exploration of the Upper Atmosphere” and “ The 
Ionosphere.” The author is at the Institute of Radio 
Physics and Electronics, University College of Science, 
Calcutta, where he is Sir R. B. Ghose Professor. 

When Man First Left the Earth. Peter Lyon. Contained 
in Volume I No. 1 of Horizon. New York, 1958. 
15 pp. $3.95. An article on the first days of balloon- 
ing, profusely illustrated by prints from the Society’s 
collections and other sources. 


Papers Given at C.A.1.—1.A.S. Joint Meeting on 7Tth-8th 

October 1958 

845 Pneumatic Actuating System for 1000°F Operation. 
J. A. Osterman. 

846 The Role of Electrical Actuating Systems in Supple- 
menting Seamaster Flight Controls. H. C. Zachmann. 

847. Rocket Research in Canada. R. F. Wilkinson. 

848 Environmental Simulation; Its Meaning and Value in 
System Testing. C. A. Mills. 

849 The Ordnance Corps Envanal Program. 
Bunch. 

850 The Use of Models in Aeroelastic Analysis. J. A. 
Mckillop. 

851 The Aeroelastics of Tall Stacks. R. A. Boorne. 

852. Functional Mock-Ups for Aircrew. M. G. Whillans. 

853 Powerplant Design Considerations for VTOL. Jet 
Transports. M. J. Saari. 

854 Broad Outline of Aircraft Feel: Pilot’s Appreciation. 
W. J. Potocki. 

855 The Design of Training Equipment. C. P. Seitz. 

856 Close Tolerance and Other Special Forgings. 
W. Morgan. 

857 Thermal Insulation Ceramic Coatings. A. V. Levy. 

858 The Flutter of Low Aspect Ratio Wings. W. P. 
Targoff and R. P. White. 

859 Design and Applications of Mach 4 Turbine Engines. 
M. A. Zipkin and R. E. Neitzel. 

860 Piloting Research Aircraft. J. Walker. 


H. M. 


S.A.E. Preprints 


Presented at the §.A.E. National Aeronautical Meeting, 


Los Angeles 
29th September-4th October 1958 


82a The Use of Plastics at High Temperatures. I. J. 


Gruntfest. 


82B 
82c 
83A 
83B 


83c 


83D 
84a 
84B 
84c 
85a 
85B 
85c 


86A 
86B 


86c 
87A 
87B 
87c 


88a 


88c 
89a 
89B 
89c 
90A 


90B 


SIA 
9Ic 
91D 
92B 
92c 
92D 


93B 


Processing Wrought Steel to High Strength. L. H. 
McCreery. 

Practical Design Suggestions for Users of Brazed 
Honeycomb Sandwich. F. F. Rechlin. 

Status of the S.A.E. S-12 Approach to Vibration 
Isolation of Aircraft Electronic Equipment. F. Mintz. 
Dynamic Properties of B.T.R. Elastomer. G. W. 
Painter. 

A Method of Equating Long Duration-Low Intensity 
and Short Duration-High Intensity Random Vibra- 
tion. A. J. Curtis. 

Dynamic Effects on Airborne Electronics. C. A. 
Golueke. 

Lockheed Arc-Heated Hypersonic Tunnel. R. Smelt 
and T. E. Turner. 

Convair’s New Trisonic Wind Tunnel. 
MacCarthy. 

Wind Tunnels and Their Extension Into the Future. 
J.T. Kenney et al. 

Development of the Suppressor and Thrust Brake for 
the DC-8 Airplane. L. R. Jordan and C. M. Auble. 
DB’s and Design—The Engine Manufacturer’s Point 
of View. H. J. Nozick. 

Practical Experience on Thrust Reversers. K. I. C. 
Vincent. 

Keeping the Jet Transports Working. R. D. Kelly. 
Design of Commercial Jet Aircraft for Specific 
Routes. M. L. Pennell. 

Unleashing Air Freight’s Potential. E. W. Fuller and 
R. F. Stoessel. 

Air Conditioned Comfort on the Douglas DC-8 Jet 
Transport. A. A. Hershfield. 

An Approach to Equipment Cooling Problems in an 
Orbital Space Vehicle. J. S. Tupper. 

Air Conditioning a Prop-jet Transport. The Lockheed 
Electra. J. G. Krisilas and E. S. McCarthy. 
Low-Thrust Rocket Steering Program for Minimum 
Time Transfer Between Planetary Orbits. C. R. 
Faulders. 

Automatic Flare Systems for Aircraft, Missiles, and 
Space Vehicles. E. R. Buxton. 

DC-8 Fuel System Design Considerations. M. A. 
O'Connor and W. B. King. 

Reliability Concepts in the Design of the Boeing 707 
Fuel System. E. J. Osols. 

The Control and Measurement of Cleanliness 
Quality in Turbo Fuel. C. E. Loeser et al. 

Basic Consideration of Space Cabin Design. A. M. 
Mayo. 

Specific Factors in Space Cabin Design: 

Thermal and Gravitational Design Considerations 
with Sealed Cabins. E. G. Aiken. 

Problems of Respiration and Decomposition with 
Sealed Cabins. E. B. Konecci. 

An Evaluation of a Ground-Level Escape System. 
F. P. Marciniak and R. A. Houghton. 

Escape Systems: A Methodology to Meet the Needs. 
A. |. Beck and G. Hildebrand. 

Some Fundamental Considerations in the Selection 
and Design of Escape Capsules. D. M. Root. 
Developments in the Field of Direct-Air-Cycle Air- 
craft Nuclear Propulsion Systems. H. Miller. 

The Radiation Effects Testing of Aircraft Systems. 
M. M. Miller and A. M. Liebschutz. 

The Behavior of Radiation Resistant ANP Turbine 
Lubricants. J. M. Clark and G. C. Lawrason. 
Nike Hydro-Mechanical Maintenance Problems. 
H. J. Ide. 
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93c Maintainability of the Falcon Missile System. R. W. 
Manley. 

94a Adaptation of Constant Speed Drives to Long Range 
Manned Aircraft of the Immediate Future. C. W. 
Helsley. 

948 The Turbonator—An_ Integrated Air Turbine 
Generator for High Mach Aircraft. S. F. Richard- 
son and J. W. Haynes. 

94c Constant Speed Drives for High Mach Aircraft. F. L. 
Moncher and J. S. Cardillo. 

94p Mechanical Consideration in the Design of a Con- 
stant Speed Transmission for Mach 3 Applications. 
D. L. Cauble et al. 

95a Jet Engine Control and Attitude Control in Vertical 
Attitude VTOL Aircraft. J. W. Baxter and R. C. 
Finvold. 

958 The X-14 VTOL Airlpane—A Design Tool. J. A. 
O’Malley and L. C. Landphair. 


DECEMBER 1958 


95c Some Thoughts on Optimum Combinations of Wings 
and Vertical Thrust Generators in VTOL Aircraft, 
W. Z. Stepniewski. 


“Engineering” Reprints 

Engineering Contracts. F. H. B. Layfield. 1956. 8s. 6d, 

Data on Human Performance for Engineering Designers, 
K. F. H. Murrell. 1957. 3s. 

Understanding the Behaviour of People at Work. Z. M. T. 
Tarkowski. 1958. 4s. 


How Good are Soviet Engineers? E. P. Ward. 1957, 4s, 
Physics in Reactor Design. G. W. K. Ford. 1957. 4s, 


Report of Engineering Inquiry Into the British Aircraft 
Industry. 1958. 4s. 
Talking to Americans: 
Where it Leads. 


What They Are Thinking and 
E. P. Ward. 1958. 8s. 


Reports 


AERODYNAMICS 
THERMO-AERODYNAMICS 


Turbulence and temperature fluctuations behind a heated grid. 
R. R. Mills et al. N.A.C.A. T.N, 4288. August 1958. 

In the approximately isotropic velocity and temperature 
fluctuation fields behind a hot grid, measurements were madz 
of fluctuation levels and of various double and triple correla- 
tion functions. The double and triple correlation coefficient 
functions are of roughly the same spatial extent for the 
vector and scalar fields. As anticipated, the temperature 
fluctuations die out more slowly than does the turbulence.-- 
(1.9.1). 


Measurements in a shock tube of heat-transfer rates at the 
stagnation point of a 1:O-inch-diameter sphere for real-gas 
temperatures up to 7,900°R. A. P. Sabol. N.A.C.A. T.N. 
4354. August 1958. 

The heat-transfer rates were determined at Mach numbers 
between 6-4 and 13-9 from measurements of the surface- 
temperature change with time of a_ thin-film-platinum 
resistance surface thermometer. The test results are presented 
and compared with the predictions of two theories.—(1.9.1 x 
1.12.6). 


WINGS AND AEROFOILS 


Analytical and experimental investigation of aerodynamic forces 
and moments on low-aspect ratio wings undergoing flapping 
oscillations. D. S. Woolston et al. N.A.C.A. T.N. 4302. 
August 1958. 

Forces and moments associated with flapping oscillations of 
finite wings at low speeds are considered. A comparison of 
theoretical results, based on lifting-surface theory, and 
experimental results is made for a rectangular wing of aspect 
ratio 2. Calculated results are also given for three tapered 
wings of aspect ratio 3 with varying amounts of sweepback. 
—(1.10.0.2 x 1.8.0.2 x 1.6.3 x 2). 


Flow about aerofoils with split flaps with application to circu- 
lation control by suction. L. G. Whitehead et al. N.A.E. 
Report LR-226. April 1958. 

Part I deals with the transformation of an aerofoil with a 
split flap into a circle for the two cases of zero and finite 
thickness. The theory is used to calculate the lift obtained 
from a source placed in the angle betweeen flap and aerofoil. 
Part II extends this theory and applies it to the problem of 
suction as a means of circulation control. Formulae for lift. 
moment and centre of pressure location are derived and 
presented graphically as functions of incidence and flap 
setting.—(1.10.0.1 x 1.3.4). 


HELICOPTER AERODYNAMICS—see also STRUCTURES—-THEORY 
AND ANALYSIS 


Av experimental investigation of the effects of various para- 
meters including tip Mach number on the flutter of some model 


helicopter rotor blades. G. W. Brooks and J. E. Baker, 
N.A.C.A. T.N. 4005. September 1958. 

Experimental studies have been made to evaluate the effects 
of parameters such as Mach number, blade angle, and 
structural damping on the flutter of model helicopter rotor 
blades in the hovering condition.—(<1.11.3 x 2). 


TESTING AND INSIRUMENIS—see also THERMO-AERODYNAMICS 
FuiGur TESTING 
STRUCTURES~~THEORY 
AND ANALYSIS 
STRUCEURES— TESTING 
The pressure in a two-dimensional static hole at low Reynolds 
number, A. Thom and C. J. Apelt. R. & M. 3090. 1958.— 
14): 


Measurements of the effects of wall outflow and porosity on 
wave attenuation in a transonic wind tunnel with perforated 
walls. J. M. Spiegel et al. N.A.C.A. T.N. 4360. August 1958. 
Various wind-tunnel perforated-wall configurations — were 
tested in the transonic speed range to evaluate the effects of 
wall outflow and wall porosity on the wave reflection on 
various models in the test section. The maximum outflow 
was 9-5 per cent of the total mass flow and the seers was 
varied from 0-60 to 24-4 per cent open.—-(1.12.1.2 x 1.5.1.4). 


Critical discussions of experiments on support interference at 
supersonic. speeds. J. Whitfield. ASTIA  AD-201108. 
August 1958. 

An experimental investigation of the effect of the sting support 
length on the drag of slender ogive-cylinder models, with and 
without. afterbody bocet-tailing, has been conducted. Tests 
were made at Mach numbers 3-00 and 3-98 over a_ unit 
Reynolds number range from 10° to 10° per inch.—(1.12.1.3). 


Numerische Darstellung von ebenen rotationssymmetris- 
chen transsonischen Diisenstromungen mit gekriimmtem Schall- 
durchgang. E. Martensen and K. von Mitt. 
Max-Planck-Inst. 19. 1958. (In| German).—-(1.12.1.2 1.5.1.4). 


Reihungswirkungen beim Rohrwindkanal. Becker. Mitt. 
Max-Planck-Inst. 20. 1958. (In). German),—(1.12.1.3). 
AEROELASTICITY 


ce AERODYNAMICS - WINGS AND AEROFOILS 
HELICOPTER AERODYNAMICS 
STRUCTURES - THEORY AND ANALYSIS 


DESIGN AND CONSTRUCTION 
ee STRUCTURES - LOADS 
AIRCRAFT OPERATION 


Ditching investigations of dynamic models and effects of 
design parameters on ditching characteristics. L. J. Fisher and 
E. L. Hoffman. N.A.C.A. Report 1347. 1958. 

The effects of design parameters on the ditching character- 


see 
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THE LIBRARY—REPORTS 


istics Of aeroplanes, hased on scale-model investigations and 
on reports of full-scale ditchings, are discussed. Various 
ditching aids are also discussed as a means of improving 
ditching behaviour.—(5.3). 

FLIGHT TESTING 
Control and stabilisation system reliability. W. I. Stieglitz. 
A.G.A.R.D. Report 193. April 1958. 
The design, ground testing and flight testing of control and 
stabilisation systems are discussed, comparing past and present 
requirements. The need for power controls and _ stability 
augmentation systems are reviewed and methods of testing 
and analysis used in evaluating reliability are discussed.— 
(13x 1.12 x 1.8.0.1). 


All-weather sesting in the United States Air Force. L. G. 
Gamble. A.G.A.R.D. Report 200. April 1958. 

The procedure adopted for the testing of aeroplanes of the 
US.A.F. is described in two parts: (a) Extreme temperature 
testing; (b) The weather flight phase. In (a) tests are carried 
out at various temperatures ranging from about — 65°F to as 
high as 160°F in certain cases. In (b) the aeroplane is tested 
in the worst weather conditions that can be found, and the 
tests include hooded and night flying. Considerable emphasis 
is laid on icing tests.—(13 « 24). 


FUELS AND LUBRICANTS 


see MECHANICAL) ENGINEERING 
POWER PLANIS 


MATERIALS 


we alyo--SIRUCIURES THEORY AND ANALYSIS 


Preparation et propriétés nouvelles de Valuminium de haute 
pureté. Montariol. Pubs, Sc. et. Tech. 344. 1958. (In 
French).—(21.2.2). 


Inernal-friction study of aluminum alloy containing 4 weight 
percent copper. B.S. Berry and A. S. Nowick. N.A.C.A. T.N 
4225. Auvust 1958. 

A study has been made, by means of low-frequency internal- 
friction measurements in both torsional and flexural vibration, 
of aluminium alloy containing 4-weight per cent of copper 
during ageing. (21.2.2). 


Mechanism of beneficial effects of boron and zirconium on 
creep-rupture properties. of a complex heat-resistant alloy. 
R. F. Decker and J. W. Freeman. N.A.C.A. 1.N. 4286. 
August 1958. 

The effects of the addition of small amounts of boron and 
Zirconium on creep properties of an alloy containing 55 per 
cent nickel, 20 per cent chromium, and 15 per cent cobalt, 
with molybdenum, titanium, and aluminium were studied. A 
number of optical and electron photomicrographs trace the 
development of microcracks and matrix changes through the 
creep process.—(21.2). 


Relationship of metal surfaces to heat-ageing properties of 
adhesive bonds. J. M. Black and R. F. Blomquist. N.A.C.A. 
T.N. 4287. September 1958. 

A study has been made to determine the probable causes of 
deterioration of several adhesives in bonds to stainless steel at 
temperatures from 400° to 550° F.—(21.3). 


Study of hydrogen embrittlement of tron by internal-friction 
methods. R. E. Maringer et al. N.A.C.A. T.N. 4328. 
September 1958. 

The effects of electrolytic charging on the properties of 
relatively pure iron and tempered 4340 steel were investigated 
metallographically and by observing internal-friction behaviour 
from —196° to 430°C. Severe structural damage, consisting 
of blisters and internal cracks, resulted even after compara- 
tively short charging times.- (21.2.1). 


Influence of alloying upon grain-boundary creep. F. N. Rhines 
etal. N.A.C.A. Report 1331. (Supersedes N.A.C.A. T.N. 
3678) 1957. 

Grain-boundary displacement, occurring in’ bicrystals during 
creep at elevated temperature was measured as a function of 
the copper content in a series of aluminium-rich aluminium- 
copper solid-solution alloys. The conditions of observation 
limited to a single temperature and range of. stress. 
(21.2.2). 


A review of the development of cermets. G.C. Deutsch et al. 
AGARD Report 185. March-April 1958. 

Cermet materials are defined, and the development of 
different varieties of cermets are discussed. The physical and 
mechanical properties are dealt with, with special reference to 
the normally poor impact strength and ductility of these 
materials. Possible ways are considered in which these two 
properties might be improved.—(2}). 


MATHEMATICS 


A theorem on an integral containing three products all of 
which satisfy a simple differential equation. J. Guest. A.R.L. 
Note SM 247. June 1958.—(22.1). 


MECHANICAL ENGINEERING 


Friction and wear with reactive gases at temperatures up to 
G. P. Allen et al. N.A.C.A. T.N. 4316 September 
CF,Cl,, CF,Cl, and SF, gases were used to lubricate 
hardened M-1 tool steel and other materials. A hemisphere 
rider under a 1200gm. load slid on a _ rotating disc at 
120) ft./m.n.-(23.1 14). 


The rectangular plane pad bearing. B. Jakobsson and L. 
Floberg. Inst. Machine Elements. Chalmers Univ. Tech. 
Report No. 5. 1958. 

A theoretical treatment of the rectangular plane pad bearing 
is given. The viscosity of the oil is assumed to be constant. 
The calculations give values for bearing design.—(23.1). 


METEOROLOGY 
see TESTING 


POWER PLANTS 
see. also—-THERMODYNAMICS 


Propellant vaporization as a criterion for rocket-engine design; 
calculations of chamber length to vaporize various propellants. 
R. J. Priem. N.A.C.A. T.N. 3883. September 1958. 

Vaporisation rates of propellant sprays in a rocket combustor 
chamber were computed for n-heptane. ammonia, hydrazine, 
oxygen, and fluorine. Calculations were made fer each 
propellant with various spray conditions. and various engine- 
design and operating parameters.—(27.3 x 14 « 34.1.1). 


The determination of the thermoelastic stress distribution in 
hollow cooled turbine blades. C. H. J. Johnson. ARL 
Report ME, 87. June 1958. 

An approximate method of determining the steady state 
thermal stress distribution in a hollow thin-walled internally 
cooled turbine blade is presented. By representing both the 
internal and external heat transfer coefficients as step functions 
of the are length the heat conduction is described by the 
solutions to a system of ordinary linear differential equations 
with constant coefficients. The stress function follows quite 
simply.—(27.1). 


SCIENCE--GENERAL 


Rate of reaction of gaseous fluorine with water vapour at 35°C. 
V. A. Slabey and E. A. Fletcher. N.A.C.A. T.N. 4374. 
September 1958.—(32.1). 


De Vinfluence de la solvatation des ions sur la conductibilité 
des électrolytes. L-H Collet. Pubs. Sc. et Tech. N.T. 76. 
1958. (32). 


STRUCTURES 


LOADS 


Seat design for crash worthiness. 1. I, Pinkel and E. G. Rosen- 
berg. N.A.C.A. Report 1332. 1957. (Supersedes N.A.C.A. 

On the basis of deceleration data obtained in full-scale crashes, 
a description of crash deceleration pulses is presented which is 
suitable for seat design. Charts are presented for obtaining 
the maximum deceleration loads experienced by the seat and 
passenger in response to their crash deceleration pulses. A 
method is presented for determining the seat strength, spring 
stiffness, and deformation beyond the elastic limit required 
to serve in a crash deceleration pulse of given description.— 
(33.1 x 4.2.2). 
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Some remarks on the fundamentals of structural safety. A. van 
der Neut. AGARD Report 155. November 1957. 

The usual factor of safety is needed almost entirely to account 
for exceptionally large loads and only a small part of it 
accounts for scatter in strength. With present strength require- 
ments comparable load conditions yield inconsistent contribu- 
tions to the total rate of failure. Establishing the ultimate load 
as the product of a factor of safety little atove unity and the 
“standard load.” which is an exceptionally large load is 
advocated. The suggested concept particularly applies to high 
speed aircraft.—(33.1). 


THEORY AND ANALYSIS 


Multi-channel slip rings for stress and temperature measure- 
ment. R. Chaplin. C.P. 389. 1958 

The development of various types of slip ring are outlined and 
the design of a brush and ring type is discussed in detail. 
This latter type can be made sufficiently robust to be a 
permanent part of the instrumentation of any rig. A highly 
stable contact potential is obtained in this design making 
possible accurate stress and temperature measurements.— 
(332.3 1.126). 


On the flutter of cylindrical shells and panels moving in a 
flow of gas. R. D. Stepanov. N.A.C.A. T.M. 1438. Septem- 
ber 1958. 

The flutter of infinitely long closed cylinders, infinitely long 
cylindrical panels, and closed cylinders of finite length is 
investigated on the basis of Vlasov’s shallow shell theory 
(also known as Donnell’s theory) and a simpler approximate 
theory valid for shells of medium length. The air forces are 
given by piston theory. Values of a critical velocity above 
which finite steel cylinders with either simply supported or 
clamped ends may possibly flutter in sea-level air are tabulated 
for various ratios of thickness to radius and radius to length.— 
(33.2.4.3.10 x 2). 


Handbook of Structural Stability. Part VI. Strength of 
Stiffened Curved Plates and Shells. Herbert Becker. N.A.C.A. 
T.N. 3786. July 1958. 

A comprehensive review of failure of stiffened curved plates 
and shells is presented. Panel instability in stiffened curved 
plates and general instability of stiffened cylinders are discussed. 
The loadings considered for the plates are axial, shear, and the 
combination of the two. For the cylinders, bending, external 
pressure, torsion, transverse shear and combinations of these 
loads are considered. When possible, test data and theory 
were correlated.—(33.2.4.9 x 33.2.4.11). 


General Instability of Stiffened Cylinders. Herbert Becker. 
N.A.C.A. T.N. 4237. July 1958. 

Theoretical buckling stresses are determined in explicit form 
for circular cylinders with circumferential and axial stiffening. 
The loadings are axial compression, radial pressure, hydro- 
static pressure, and torsion. Analyses were confined to 
moderate-length and long cylinders. Derivation of a form of 
Donnell’s equation applicable to orthotropic cylinders is 
presented.—(33.2.4.11.6). 


Matrix method for obtaining spanwise moments and deflections 
ot torsionally rigid rotor blades with arbitrary loadings. 
A. P. Mayo. N.A.C.A. T.N. 4304. August 1958. 

The method includes the cantilever, teetering, and hinged 
blades in hovering and in steady forward flight. The method 
is comparatively short, involves only standard matrix 
procedures, and does not require that the mode shapes or 
natural frequencies be known.—(33.2.4 x 1.11.1). 


Temperature and thermal-stress distributions in some structural 
elements heated at a constant rate. W. A. Brooks. N.A.C.A. 
T.N. 4306. August 1958. 

Analytical solutions are given for the temperature and 
thermal-stress_ distributions in thick skins and_ structural 
elements such as angle, channel, T-, and H-sections when 
heated at a constant rate. Certain of the analytical solutions 
are evaluated for selected cross-sectional proporticns. The 
results are presented in the form of charts involving dimension- 
less temperature, stress, and time parameters and are applicable 
for different materials and heating rates and absolute size of 
the section. The results have been useful for analysing and 
correlating experimental data.—(33.2.4.0.9). 


A_ phenomenological relation between stress, strain rate and 
temperature for metals at elevated temperatures. E. Z. 
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Stowell, N.A.C.A. Report 1343. (Supersedes N.A.C.A. T.N 
4000). 1958. 
A phenomenological relation between stress, strain rate, and 
temperature is suggested to account for the behaviour of 
polycrystalline metals above the equicohesive temperature, 
The properties of the metal included in the relation are 
elasticity, linear thermal expansion, and viscosity. The 
relation may be integrated under various conditions to provide 
information on creep rates, creep rupture, stress-strain curves 
and rapid-heating surves.—(33.2.2 21.2). 


The infinitely wide cantilever plate under concentrated load. 
J. P. O. Silberstein. A R.L. Report S.M. 257. May 1958. 

A solution, by the Fourier Transform method, of an infinitely 
wide cantilever plate under a concentrated load is given, 
Stresses in the plate adjacent to the load are investigated — 
(33.2.4.5.3). 


Small deflection theory of flat plates using complex variables. 
Part Il: clamped plates. P. D. Jones. A.R.L. Report 260, 
Solutions to the fundamental boundary equation for clamped 
plates are obtained for a variety of loading cases. These 
include uniform pressure, point loads and uniform pressure 
over a region of the plate. Numerical examples illustrate the 
methods of solution, Conformal transformation functions 
which map parallelogram shaped plates onto the unit circle 
are discussed in detail.-(33.2.4.5.3). 


The three-dimensional elastic problem for a wedee with given 
boundary displacements. Y. §. Ufliand. A.R.L. Trans. 15, 
June 1958.—(33.2.1). 


Structures et chaleur aux vitesses supersoniaues et  hyper- 
soniques. B. Dorleac. AGARD Report 149 (in French). 
November 1957. 

Part I indicates some structural problems and design types 
investigated in France during the last few years. Part II refers 
to structural problems of the future. -(33.2.4.0 ~ 21.2). 


A_ study of several aerothermoelastic problems of aircraft 
structures in high-speed flight. J.C. Houbolt. Inst. Flug. und 
Leicht. Mitt. 5. 1958. 

Several aerothermoelastic problems pertaining to aircraft 
structures are treated, with emphasis on dynamic aeroelastic 
effects. Part I deals with temperature, stress and_ stiffness 
analysis, and Part II with aeroelastic phenomenon. — Special 
consideration is given to panel flutter.-(33.2.4.0.9 x 2). 


Analysis of panels with bonded, hat-shaped stiffeners, loaded 
in shear. J.P. Bentham and J. v. d. Vooren. NLL-TN S.520. 
February 1958. 

A solution is given for the distribution of shear flow in panels 
with bonded, hat-shaped stiffeners loaded in shear, in order 
to obtain equations for the effective panel thickness and the 
maximum shear stress in the glue layer. The results are 
simplified to make them manageable. -(33.2.4.6.4) 


TESTING 


A gauge factor meter. I. G. Scott. A.R.L. Note S.M. 243. 
April 1958. 

A simple instrument for the determination of gauge factor 
of electrical resistance strain gauges is described.~ (33.3 


Resistance changes in resistance strain gauges. I. G. Scott. 
A.R.L. Note §.M. 244. April 1958. 

Gross resistance changes during the storage and attachment 
of resistance strain gauges have been studied, and recom- 
mendations for the control of these changes are made. —(33.3 x 
1.12.6.2). 


THERMODYNAMICS 
see also POWER PLANTS 


An analytical study of turbulent and molecular mixing in 
rocket combustion. D. A. Bittker. N.A.C.A. T.N. 4321. 
September 1958. 

Apovroximate calculations for the diffusion of gases have been 
performed to obtain an idea of the importance of gaseous 
mixing in rocket combustion.—(34.1.1 = 27.3). 


Natural convection inside a flat rotating container. §. Ostrach 
and W. H. Braun. N.A.C.A, T.N. 4323. September 1958.— 
(34.3.2). 
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AERODYNAMICS 

See also Jet Deflection, Nozzles. 

Aerodynamic Drag of Perforated Plates at Zero Incidence 
(T.N.), P. Minton and J. R. D. Francis, p. 301 (April). 

Annular Flow—A Note on the Turbulent Velocity Profile 
(T.N.), Henry Batrow, p. 830 (Nov.). 

Definitions of Terms Relating to Various Flow Régimes of 
a Gas—Some Proposals. C. H. E. Warren and A. D. 
Young, p. 801 (Nov.). 

Measurements of Skin Friction in a Plane Turbulent Wall 
Jet, A. Sigalla. p. 873 (Dec.). 

Method for Providing Warning of the Onset of Buffeting, 
Stalling and Other Undesirable Effects of Flow Separation 
(T.N.), D. W. Holder and H. H. Pearcey, p. 674 
(Sept.). 

Note on the Wave Drag of “Exposed” Rectangular Wings 
(T.N.), L. M. Sheppard, p. 306 (April). 

On the Effect of Flow Separation on the Lift of Slender 
Bodies (T.N.), Svetopolk Pivko, p. 832 (Nov.). 

Semi-Empirical Methods of Estimating Forces on Bodies at 
Supersonic Speeds, J. E. Phythian and R. L. Dommett, 
p. 520 (July). 


AEROELASTICITY 
Aeroelastic Problems Associated with High Speeds and High 
Temperature, E. G. Broadbent. p. 867 (Dec.). 
AIRSHIPS 


The Millionth Chance (1.N.). Hugh Oswald Short, p. 529 
(July). 


AGRICULTURAL AIRCRAFT 
Aircraft in Agriculture, E. 4.. Gibson, p. 423 (June). 
Helicopter as an Agricuvliural Tool, E. C. S. Little, p. 437 
(June). 


AIR TRANSPORT 

See also Airworthiness, Engines. 

Complexity and Progress in Transport Aircraft, N. E. Rowe, 
p. 787 (Nov.). 

Presidential Address, Sir George Edwards, p. 239 (April). 

Rear-Engined Air Liners (T.N.). A. W. J. Smith, p. 308 
(April). Comment by P. J. Wingham, p. 388 (May). Reply 
by A. W. J. Smith, p. 457 (June). 

Why Airlines are Hard to Please--The Thirteenth British 
Commonwealth Lecture, B. S. Shenstone, p. 319 (May). 

AIRWORTHINESS 

Fail-Safe Structural Design, N. F. Harpur, p. 363 (May). 
Comment by W. T. Koiter, p. 757 (Oct.). Reply by N. F. 
Harpur, p. 760 (Oct.). Comment by A. H. Crawshaw and 
reply by N. F. Harpur, p. 761 (Oct.). 

Safety and Large Aircraft (A. H. Crawshaw, Dec. 1957); 
Comments by J. Laurence Pritchard, R. K. Page, p. 67 
(VJan.), Walter Tye, William) Brookes, Donald Howard, 
p. 139 (Feb.), E. Aubrey, p. 385 (May), Replies by A. H. 
Crawshaw, p. 385 (May). 

ALLEN, J. E. 
From Aviation to Astronautics. p. 615 (Sept.). 


ANNUAL REPORT 
See Royal Aeronautical Society. 
ASHWOOD, P. F. and D. LEAN 
Flight Tests of Meteor Aeroplane Fitted with Jet Deflection, 
p. 539 (Aug.). 
ASTRONAUTICS 
From Aviation to Astronautics, J. E. Allen, p. 615 
(Sept.). 
ASTRONOMY 
See Radio-Astronomy. 


AUBREY, E. 


Comment on Safety and Large Aircraft, A. H. Crawshaw 
(Dec. 1957), p. 385 (May). 


AUTOMATIC FLIGHT 
See also Guided Missiles. ; 
Automatic Flight—The British Story—The  Forty-Sixth 
Wilbur Wright Memorial Lecture, G. W. H. Gardner, 
p. 477 (July). 


AVRO ARROW (CF-105) 
The Canadian Approach to All-Weather Interceptor 
Development—The Fourteenth British Commonwealth 
Lecture, J. C. Floyd, p. 845 (Dec.). 


AVRO CE-100 
Flight Development of the Avro CF-100 Mark 5 Aircraft, 
D. C. Whittley, p. 118 (Feb.). 


BARROW, HENRY 
An Experiment on Flat Plate Turbulent Boundary Layer 
Flow—The Effect of Local Fluid Addition on Friction 
and Velocity Distribution (T.N.), p. 135 (Feb.). 
Annular Flow—A Note on the Turbulent Velocity Profile 
(T.N.), p. 830 (Nov.). 


BAYLEY, F. J. and B. W. MARTIN 


The Effect of Shock Waves on the Isentropic Efficiency of 
Covergent-Divergent Nozzles (T.N.). p. 377 (May). 


BEDFORD, L. H. 
Guidance and Control, p. 348 (May). 


BENSON, R. S. 

The Effect of Variation in Cylinder Length on the Exhaust 
Port Timing of a Two-Stroke Cycle Engine (T.N.), p. 382 
(May). 

A Method for Calculating the Energy Available in the 
Exhaust Gas at the Inlet End of an Exhaust Pipe of a 
Two- or Four-Stroke Cycle Engine (T.N.), p. 132 (Feb.). 


BLACK, T. J. 


A Simplified Form of the Auxiliary Equation for Use in the 
Calculation of Turbulent Boundary Layers (T.N.), p. 215 
(March). 


BLACKWELL, B. D. 
Some Investigations in the Field of Blade Engineering (Air- 
craft Propulsion Symposium), p. 633 (Sept.). 
BLADES 
See Propulsion, Vibration. 


BLERIOT, LOUIS -ELEVENTH LECTURE 
The Future of Aeronautical Research. W. J. Duncan, p. 355 
(May). 
BOLTS 
See Fatigue. 


BOSWELL, R. W. M. 
Guided Flight Trials, p. 408 (June). 


BOUNDARY LAYER 

See also Heat Transfer. 

An Experiment on Flat Plate Turbulent Boundary Layer 
Flow—-The Effect of Local Fluid Addition on Friction 
and Velocity Distribution (T.N.), Henry Barrow, p. 135 
(Feb.), 

Prediction of Transition in the Boundary Layer on an Aero- 
foil (T.N.), L. F. Crabtree, p. 525 (July), comment by 
E. J. Preston and reply by L. F. Crabtree, p. 901 (Dec.). 

Simplified Form of the Auxiliary Equation for use in the 
Calculation of Turbulent Boundary Layers (T.N.), T. J. 
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Lord Trenchard—First Trenchard Memorial Lecture. p. 249 
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See Refrigeration. 


COX, H. L. 


The Application of the Theory of Stability in Structural 
Design, p. 497 (July). 


CRABTREE, L. F. 


Prediction of Transition in the Boundary Layer on an Aero- 
foil (T.N.), p. 525 (July), reply to comment by E. J. 
Preston, p. 901 (Dec.). 


CRAWSHAW, A. H. 


Safety and Large Aircraft (Dec. 1957); Comments by J. L. 
Pritchard, p. 67 (Jan.), R. K. Page, p. 67 (Jan.), Walter 
Tye p. 139 (Feb.), William Brookes, p. 139 (Feb.), Donald 

Howard, p. 139 (Feb.), E. Aubrey, p. 385 (May). Replies, 
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Flame Quenching, B. S. Massey and B. C. Lindley. p. 32 
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See Combustion. 
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KINETIC HEATING 
See also Aeroelasticity, Materials. 
Effects of Kinetic Heating on Aircraft Structures, A. W. 
Kitchenside, p. 105 (Feb.). 


KIRK, J. A. 
Design and Operational Problems of the Transonic Jet- 
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(April). 


Ram-Jets, R. P. Probert, p. 151 (March). 
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Fail-Safe Structural Design, N. F. Harpur, p. 363 (May). 
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p. 174 (March). 


LIBRARY 
See Reviews; for Additions to the Library and Reports, see 


Royal Aeronautical Society. 


LINDLEY, B. C. and B. S. MASSEY 
Flame Quenching, p. 32 (Jan.). 
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LOCK, R. C. and D. W. HOLDER 
Lateral Control at Supersonic Speeds by Means of Control 
Surfaces on Nacelles or on the Fuselage (T.N.), p. 446 
(June). 


LOMBARD, A. A. 
Thinking About Aircraft Engines, p. 337 (May). 


MAHALINGAM, S. 
A Note on One-Term Approximate Solutions for Non- 
Linear Vibration Problems (T.N.), p. 450 (June). 


MAN-POWERED AIRCRAFT 
Man-Powered Aircraft-—-A Design Study. T. R. F. Non- 
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MARTIN, B. W. and F. J. BAYLEY 
The Effect of Shock Waves on the Isentropic Efficiency of 
Convergent-Divergent Nozzles (T.N.), p. 377 (May). 


MASSEY, B. S. and B. C. LINDLEY 
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MATERIALS 
See Kinetic Heating, Thermal Stresses. 
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See also Boundary Layer. 
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| Aij | (T.N.), F. E. C. Culick, p. 898 (Dec.). 

Linear Computations over a Complex Field (T.N.), Josef 
Schmidtmayer, p. 451 (June). 

Note on the Solution of Non-Linear Simultaneous Equations 
by Successive Approximations (T.N.), W. J. Goodey, p. 603 
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Standardised Polynomials for Curve Fitting (T.N.), M. Fine, 
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MEDAL, N. E. ROWE, 1958 

Some Factors involved in the Supersonic Wind Tunnel 
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MELLOR, P. B. and W. JOHNSON 


Approximate Deflections in) Cantilevers Curved in’ Plan 
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See Ashwood, P. F. and D. Lean. 


MINTON, P. and J. R. D. FRANCIS 
The Aerodynamic Drag of Perforated Plates ac Zero 
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MODELS 
See Wind Tunnels. 


MORLEY, A. W. 
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posium), p. 646 (Sept.). 


NONWEILER, T. R. F. 
The Man-Powered Aircraft--A Design Study, p. 723 (Oct.). 


NORBURY, J. F. and A. PLATT 
Temperature Inequalities in the Electrolytic Tank (T.N.), 
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See also Jet Deflection. 

Effect of Shock Waves on the Isentropic Efficiency of Con- 
vergent-Divergent Nozzles (T.N.), B. W. Martin and F. J. 
Bayley, p. 377 (May). 

Note on the Effect of Surface Finish on the Thrust of a 
Supersonic Conical Nozzle (T.N.), P. N. Rowe, p. 829 
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Theory of the Cylindrical Ejector Supersonic Propelling 
Nozzle, H. Pearson, J. B. Holliday and S. F. Smith. 
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See Fatigue 
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Edward Pearson Warner, p. 691 (Oct.). 
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PEARSON, H., J. B. HOLLIDAY and S. F. SMITH 
A Theory of the Cylindrical Ejector Supersonic Propelling 
Nozzle, p. 746 (Oct.). 


PERFORATED PLATES 
See Aerodynamics. 
PHOTOELASTICITY 
See Stress Concentration, 
PHYTHIAN, J. E. and R. L. DOMMETT 
Semi-Empirical Methods of Estimating Forces on Bodies at 
Supersonic Speeds, p. 520 (July). 
PIVKO, SVETOPOLK 
On the Effect of Flow Separation on the Lift of Slender 
Bodies (T.N.), p. 832 (Nov.). 


PLATT, A. and J. F, NORBURY 
Temperature Inequalities in the Electrolytic Tank (T.N.), 
p. 456 (June). 


PRESIDENTIAL ADDRESS 
Sir George Edwards, p. 239 (April). 


PRESTON, E. J. 
Comment on Prediction of Transition in the Boundary Layer 
on an Aerofoil, L. F. Crabtree (July), p. 901 (Dec). 


PRITCHARD, J. LAURENCE 

Comment on Safety and Large Aircraft. A. H. Crawshaw 
(Dec. 1957), p. 67 

Sir Alliott Verdon-Roe—An Appreciation, p. 231 (April). 

Francis Herbert Wenham, 1824-1908-—An Appreciation of 
the First Lecturer to the Aeronautical Society, p. 571 
(Aug.). 

Mervyn O'Gorman—-An Appreciation, p. 469 (July). 


PROBERT, R. P. 
Ram-Jets, p. 151 (March). 


PROPULSION 

See also Ram-Jets. 

Pyestock’s Contributions to Propulsion, Hayne Constant, 
p. 257 (April). 

Replacement of Piston Engines by Gas Turbines in Air 
Liners. H. Sammons, p. 94 (Feb.). 

Symposium on Aircraft Propulsion: Some Investigations ‘n 
the Field of Blade Engineering, B. D. Blackwell; Gas 
Turbines for Helicopters, A. W. Morley; Fuel Systems for 
Supersonic Engines, E. A. Simonis; Exhaust Nozzles for 
Supersonic Aircraft, H. Pearson, p. 633 (Sept.). 

Thinking about Aircraft Engines, A. A. Lombard, p. 337 
(May). 
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JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 
RADIO-ASTRONOMY 
Radio-Astronomy and Navigation, C. M. Cade, p. 805 (Nov.). 


RAM-JETS 
Ram-Jets, R. P. Probert, p. 151 (March). 


REFRIGERATION 
Some Aspects of Refrigeration in Supersonic Aircraft, E. J. 
Gabbay, p. 769 (Nov.). 
REPORTS 


See Royal Aeronautical Society. 


RESEARCH AND DEVELOPMENT 
See also Avro CF-100, Propulsion. 
Future of Aeronautical Research—-The Eleventh Louis 
Blériot Lecture, W. J. Duncan, p. 355 (May). 
REVIEWS 
Aerodynamische Profile, F. W. Riegels, p. 764 (Oct.). 
—— Communication Systems, J. H. H. Grover, p. 532 
(July). 
Analytical Design of Linear Feedback Controls, G. C. 
Newton, L. A. Gould and J. F. Kaiser, p. 610 (Aug.).- 
Basic Aeronautical Science and Principles of Flight, Robert 
D. Blacker, p. 838 (Nov.). 

Boron, Calcium, Columbium and Zirconium in Iron and 
Steel, R. A. Grange et al, p. 141 (Feb.). 

British Aeroplanes 1914-1918, J. M. Bruce, p. 71 (Jan.). 

British Naval Aircraft 1912-58, Owen Thetford. p. 907 (Dec.). 

Camera in the Sky, Charles Sims, p. 908 (Dec.). 

Causes and Prevention of Corrosion in Aircraft, T. C. E. 
Tringham, p. 609 (Aug.). 

—. Problems in Jet Propulsion, S. S. Penner, p. 607 
(Aug.). 

Cloud Study—A Pictorial Guide, F. H. Ludlam and R. § 
Scorer, p. 141 (Feb.). 

Commercial Pilot's Handbook, Vol. I. Captain R. E. 
Gillman, p. 609 (Aug.). 

Danger in the Air, Oliver Stewart, p. 763 (Oct.). 

— Programming, D. D. McCracken, p. 764 
(Oct.). 

Dynamic Instability: Automobile, Aircraft, Suspension 
Bridges, Y. Rocard, p. 460 (June). 

Dynamical and Physical Meteorology, George J. Haltiner 
and Frank L. Martin, p. 610 (Aug.). 

Elements of Heat Transfer, M. Jakob and G. A. Hawkins, 
p. 460 (June). 

Engineering Thermodynamics, Mackey, Barnard and Ellen- 
wood, p. 312 (April). 

Evidence in Camera; The Story of Photographic Intelligence 
a World War II, Constance Babington Smith, p. 607 

ug.). 
Exterior Ballistics of Rockets, The. Leverett Davies, Jr.. 
James W. Follin, Jr.. and Leon Blitzer, p. 685 (Sept.). 
Fastest Man Alive, The, Lt. Col. Frank K. Everest, Jr. 
p. 607 (Aug.). 

Flight Today, J. L. Naylor and E. Ower, p. 141 (Feb.). 

Fluid-Dynamic Drag, Dr. S. F. Hoerner, p. 531 (July). 

from Blackwood, William Blackwood, p, 411 
(Aug.). 

Flying Matilda, Norman Ellison, p. 839 (Nov.). 

Gas Turbine Materials, G. Lucas and J. F. Pollock, p. 71 
(Jan.). 

=? of Air Transport, The, Kenneth R. Sealy, p. 142 
(Feb.). 

Gliding—A Handbook on Soaring Flight, Derek Piggott. 
p. 907 (Dec.). 

Guided Weapons, Eric Burgess, p. 69 (Jan.). 

Helicopters and Autogyros of the World, Paul Lambermont 
and Anthony Pirie, p. 763 (Oct.). 

High Altitude and Satellite Rockets, published by R.Ae.S. 
and B.LS., p. 838 (Nov.). 

High-Speed Aerodynamics (Compressible Flow). Elie 
Carafoli, p. 225 (March). 

History of German Guided Missiles Development, Edited by 
T. Benecke and A. W. Quick. p. 310 (April). 

Into Thin Air, Dr. E. W. Still, p. 608 (Aug.). 

Introduction to Fluid Mechanics, An, F. J. Bayley, p 909 
(Dec.). 

Introduction to the Dynamics of Airplanes, An, H. Norman 
Abramson, p. 839 (Nov.). 

Jane’s All The World’s Aircraft, 1957-1958, Compiled and 
Edited by Leonard Bridgman, p. 224 (March). 

La Propulsion par Fusées, M. Barrére, A. Jaumotte, B. 
Fraeijs de Veubeke and J. Vandenkerckhove, p. 533 (July). 


Landing Gear Design, H. G. Conway, p. 390 (May). 

L’Aviation Nouvelle, Camille Rougeron, p. 226 (March), 

Leader of the Few: the authorised biography of Air Chief 
Marshal Lord Dowding, Basil Collier, p. 685 (Sept.). 

Low Level Mission, Leon Wolff, p. 765 (Oct.). 

Magnetohydrodynamics, Edited by R. K. Landshoff, 
p. 311 (April). 

Making of a Moon, The, Arthur C. Clarke, p. 311 (April), 

Man among the Stars, Wolfgang D. Miller, p. 533 (July), 

Management Control in Airframe Subcontracting, Neil E, 
Harlan, p, 225 (March). 

Modern Computing Methods, National Physical Laboratory, 
p. 72 (Jan.). 

Mathematical Theory of Compressible Fluid Flow, Richard 
von Mises, p. 684 (Sept.). 

Minimum Weight Analysis of Compression — Structures, 
George Gerard, p. 69 (Jan.). 

My Zeppelins, Hugo Eckener, p. 610 (Aug.). 

Natural Aerodynamics, R. S. Scorer, p. 909 (Dec). 

No Echo in the Sky, Harald Penrose, p. 684 (Sept.). 

Notes on Analog-Digital Conversion Techniques, Alfred K, 
Susskind, p. 840 (Nov.). 

Numerical Methods, R. A. Buckingham, p. 70 (Jan.). 

Operation Vanguard, Werner Buedeler, p. 311 (April). 

Pathfinder, Air Vice-Marshal D. C. T. Bennett, p. 908 (Dec.), 

Performance of Metal-Cutting Tools. The, R. Tourret, p. 765 
(Oct.). 

Plane Crash, Clayton and K. S. Knight. p. 840 (Nov.). 

Plastic Methods of Structural Analysis, B. G. Neal, p. 390 
(May). 

Postwar International Civil Aviation Policy and the Law 
of the Air, H. A. Wassenbergh, p. 313 (April). 

Proceedings of the International Conference on Fatigue of 
Metals, 1956, Institution of Mechanical Engineers, p. 683 
(Sept.). 

Proceedings of the Joint Conference on Combustion, 
Institution of Mechanical Engineers, p. 312 (April). 

Proceedings of the Society for Experimental Stress Analysis, 
Vol. XV, No. 1, p. 143 (Feb.). 

Properties of Wrought and Cast Aluminium and Magnesium 
Alloys at Room and Elevated Temperatures, P. H. Frith, 
p. 683 (Sept.). 

Rocket Pioneers, The, Beryl Williams and Samuel Epstein. 
p. 142 (Feb.). 

Satellites and Spaceflight, Eric Burgess, p. 311 (April). 

Science News No. 48 (Rocket and Satellite Research Num- 
ber), Edited by Archie and Nan Clow, p. 531 (July). 

Sixth Symposium (International) on Combustion, The Com- 
bustion Institute, p. 608 (Aug.). 

Solution of Problems in Strength of Materials, S. A. Urry, 
p. 71 (Jan.). 

Sources of Invention, The, John Jewkes, David Sawers and 
Richard Stillerman, p. 225 (March). 

Soviet Air Power, Richard E. Stockwell, p. 310 (April). 

Spectroscopy of Flames, The, Dr. A. G. Gaydon, p. 70 (Jan.). 

Sputniks into Space, M. Vassiliev with Prof. V. V. Dobron- 
ravov, p. 533 (July). 

Strength of Materials, F. R. Shanley, p. 310 (April). 

Subcontracting Policy in the Airframe Industry, John S. Day. 
p. 225 (March). 

Survival in the Sky, Charles Coombs, p. 72 JJan.). 

Theorie Schallnaher Stromungen, K. G. Guderley, p. 459 
(June). 

Thermal Power from Nuclear Reactors, A. Stanley Thomp- 
son and Oliver E. Rodgers, p. 224 (March). 

Thermal Stresses, B. E. Gatewood, p. 141 (Feb.). 

They Fought for the Sky, Quentin Reynolds, p. 532 (uly). 

Three Steps to Victory, Sir Robert Watson-Watt, p. 459 
(June). 

Treatise on Photo-Elasticity, A. FE. G. Coker and L. N. G. 
Filon, p. 69 (Jan.). 

Vibration and Impact, R. Burton, p. 763 (Oct.). 

Vistas in Astronautics, Morton Alperin ef al, p. 683 (Sept). 

Von Richthofen and the “Flying Circus,” H. J. Nowarra and 
K. S. Brown, p. 907 (Dec.). 

World’s Sailplanes, The, Betsy Woodward et al, p. 909 
(Dec.). 

Zero Fighter, The. Masatake Okumiya and Jiro Horikoshi 
with Martin Caidin, p. 839 (Nov.). 


ROCKETS 


See Astronautics, Propulsion. 


ROE, F. E. 


Some Aspects of Transonic Tunnel Operation in Industry. 
(Transonic Wind Tunnel Testing Techniques), p. 16 (Jan.). 
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ROTEM, 2. 
Heat Transfer from Rotating Discs (T.N.), p. 303 (April). 


ROWE, N. E. 
Complexity and Progress in Transport Aircraft, p. 787 (Nov.). 


ROWE, P. N. 
A Note on the Effect of Surface Finish on the Thrust of a 
Supersonic Conical Nozzle (T.N.), p. 829 (Nov.). 


ROWE, P. N. and R. P. FRASER 
Supersonic Jet Deflection, p. 43 (Jan.). 


ROYAL AERONAUTICAL SOCIETY 

Acknowledgments, pp. V (Jan.); XII (March); XII (April); 
XX (May; XXVIII VJJuly); XXXIV (Sept.); XXXVIL (Oct.); 
XLIV (Nov.); XLV (Dec.). 

Additions to the Library, pp. 72 (Jan.); 143 (Feb.); 227 
(March); 313 (including LA.S. preprints) (April); 391 
(May); S.A.E. preprints, p. XXVI (June), 460 (June); 534 
(July); 611 (Aug.); 686 (including 1.A.S. preprints) (Sept.); 
765 (Oct.); 841 (Nov.); 910 (including C.A.L-I.A.S. reprints, 
S.A.E. preprints, “Engineering” reprints) (Dec.). 

Anglo-American Aeronautical Conference (Seventh), Notice, 
p. XXXVII (Oct.). 

Annual General Meeting, Notice. pp. IX (March); XIII 
(April); Report, p. 280 (April). 

Annual Report of the Council (Ninety-Third) 1957-1958, 

p. 277 (April). 

Subscriptions, pp. IV (Jan.); VIE (Feb.); EX (March). 
Associate Fellowship Examination, Results for December 
1957, p. XV (April); Results for June 1958, p. XXXVII 
(Oct.). 

Baden-Powell Memorial Prize, p. XT (April). 

Balance Sheets, 1957, p. 286 (April). 

Branches and Divisions, Feb.. April, July, Sept., Nov., Dec. 

Changes of Address or Appointment, pp. XII (March); XXII 
(May); XXXVI (Sept.). 

Chester Branch Aeronautical Show and Garden Party (1958), 
p. 605 (Aug.). 

Committees of Council, p. 278 (April). 

Council 1957-1958, Jan., 1958-1959, June, Oct. 

Divisions, News from New Zealand and Southern Africa, 
p. 221 (March); p. 281 (April); Notices, p. XXXI (Aug). 

Elections, pp. IV (Jan.); VIL (Feb.); XI (March); XVI 
(April); (May); XXIV (June); XXVIIE (July): 
XXXII (Aug.); XXXV (Sept.); XL (Oct.); XLIV (Nov.) 
(Dec.). 

Elliott Memorial Prize, pp. XIII (April), XLV (Dec.). 

Garden Party~ 1958. White Waltham Aerodrome. p. 904 
(Dec.). 

Glasgow — Branch 
p. XXXII (Sept). 

Graduates’ and Students’ Section, pp. 68 (Jan.); 140 (Feb.); 
223 (March); 309 (April); 389 (May); 458 (June); 530 
(July); 606 (Aug.); 682 (Sept.): 762 (Oct.); 837 (Nov.); 906 
(Dec.). 

Groups, Formation of, p. XLV (Dec.). 

Guided Flight Section, p. (Jlan.), p. XLV (Dec.). 

Henlow Cadet Prize, p. IX (March) (first award); p. XXXVII 
(Oct.). 

Historic Aircraft Maintenance Group, 

Honorary Companion, p. XXII (June). 

Honorary Fellow, p. (June). 

Honours awarded to members, pp. V (Jan.); XXII (June); 
XXVIT July); (Aug.); Correction, XXXIL (Aug.); 
XLI (Nov.); XLV (Dec.). 

Income Tax, p. (Nov.). 

International Congress of the Acronautical Sciences (The 
First), Notices, pp. XIV (April; (May): XXVII 
(July); XXX (List of lectures) July); XXXII (Sept.); 
Report. p. 902 (Dec.). 

Journal Binding. pp. XIL (New Prices) (March); XV (April); 
XXII (May); XXVI (June); XXXVI (Sept.); XLIV (Nov.). 

Medals and Awards of the Society for 1958. p. XXV (June); 
Presentation at the Wilbur Wright Memorial Lecture, p. 
XXIX (July). 

Medals and Prizes for 1958, p. XXV (June); Presentation at 
Annual General Meeting, p. XXVIII (uly). 

Model Aircraft, Gift to the Society of Four, p. XXI (May). 
Nash Collection, p. (Nov.). 

New Fellows, p. XXII (June). 

News of Members, pp. VIE (Feb.); XI (March): 
XII (April); XX (May); (June); XXVIII (July); 
XXXI (Aug.); XXXIV (Sept.); XXXIX (Oct); XLII 
(Nov.); XLVIT (Dec.). 


Graduates’ and Students’ Section, 


p. XLI (Nov.). 


INDEX TO VOLUME LXIL—-JANUARY -DECEMBER 1958 


Nomination of Candidates for Council, p. V (Feb.) 

Nominations for Fellowship of the Society, p. II (Jan.). 

President 1958-1959, Sir Arnold Hall, M.A., F.R.S., Fellow, 
p. XVIII (May). 

President’s Message, Sir George Edwards, p. I (Jan.). 

President-Elect, 1959-1960, p. XXIII (June). 

R.Ae.S. Prizes in Aeronautics, p. XX XIII (Sept.). 

R.Ae.S. Scholarships and Grants, 1958-1959, p. XXXIII 
(Sept.). 

ener: pp. 73 (Jan.); 144 (Feb.); 228 (March); 315 (April): 
392 (May); 462 (June); 535 (July); 612 (Aug.); 687 (Sept.); 
766 (Oct.); 842 (Nov.); 912 (Dec.). 

Representatives of the Society on Other Bodies, pp. 279 
(April); XXXI (Aug.); XXXIII (Sept.). 

Secretary's News Letter. p. XXVII (Nash Collection) (July). 

Visits to London Airport, p. XX XI (Aug.). 


ROYAL AIR FORCE, HISTORY OF 
See Trenchard Memorial Lecture. 
SAFETY 
See Airworthiness. 
SAMMONS, H. 
Replacement of Piston Engines by Gas Turbines in Air 
Liners, p. 94 (Feb.). 
SATELLITES 
See Astronautics. 
SCHMIDTMAYER, JOSEF 
Linear Computations over a Complex Field (T.N.), p. 451 
(June). 
SEMPILL, LORD 
Sir Alliott Verdon-Roe—-An Appreciation, p. 237 (April). 
SERBY, J. E. 
Guided Weapons and Aircraft—-Some Differences in Design 
and Development, p. 187 (March). 


SHENSTONE, B. S. 
Why Airlines are Hard to Please--Thirteenth British Com- 
monwealth Lecture, p. 319 (May). 


SHEPPARD, L. M. 
A Note on the Wave Drag of “Exposed” Rectangular Wings 
(T.N.), p. 306 (April). 


SHORT, HUGH OSWALD 

Correspondence on The Millionth Chance by James Leasor 

(reviewed Dec. 1957), p. 529 July). 
SIGALLA, A, 


Measurements of Skin Friction in a Plane Turbulent Wall 
Jet, p. 873 (Dec.). 


SIMMONS, 5. C. 
Comment on A’ Standardised Method of Representing 
Fatigue Test Results, M. Fine (June), p. 680 (Sept.). 


SIMONIS, E. A. 
Fuel Systems for Supersonic Engines (Aircraft Propulsion 
Symposium), p. 654 (Sept.). 

SIMULATORS 
Simulation Techniques in) Aeronautics, J. J. Foody and 
R.J. A. Paul, p. 878 (Dee.). 


SMITH, A. G. and D. B. SPALDING 
Heat Transfer in a Laminar Boundary Layer with Constant 
Fluid Properties and Constant Wall Temperature (T.N.), 
p. 60 (Jan.). 
SMITH, A. W. J. 
Rear-Engined Air Liners (T.N.). p. 308 (April). Reply to 
comment by P. J. Wingham (May), p. 457 (June). 
SMITH, S. F., H. PEARSON,and J. B. HOLLIDAY 
A Theory of the Cylindrical Ejector Supersonic Propelling 
Nozzle, p. 746 (Oct.). 
SPACE FLIGHT 
ce Astronautics. 
SPALDING, D. B. and A. G. SMITH 
Heat Transfer in a Laminar Boundary Layer with Constant 
Fluid Properties and Constant Wall Temperature (T.N.). 
p. 60 (Jan.). 
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STABILITY AND CONTROL 
Lateral Control at Supersonic Speeds by means of Control 
Surfaces on Nacelles or on the Fuselage (T.N.). D. W. 
Holder and R. C. Lock, p. 446 (June). 
Rotary Stability Derivatives from Distorted Models (T.N.), 
Y. Y. Chan and John R. Ward. p. 307 (April). 


STEPAN, A. 
The Pressure Jet Helicopter, p. 123 (Feb.). 


STEPHENSON, J. M. 


Note on Matching a Supersonic Intake to an Aircraft Gas 
Turbine (T.N.), p. 219 (March). 


STEVENS, G. and K. L. C. LEGG 


Temperature Distributions in Aircraft Structures and the 
Influence of Mechanical and Physical Material Properties, 
p. 174 (March). 


STRESS CONCENTRATION 
Photoelastic Determination of Stress Concentration Factors 
Caused by a Single U-Notch on One Side of a Plate in 
Tension (T.N.), A. G. Cole and A. F. C. Brown, p. 597 
(Aug.). 


STRUCTURES 


See also Testing. 

Application of the Theory of Stability in Structural Design, 
H. L. Cox, p. 497 (July). 

Approximate Deflections in Cantilevers Curved in Plan 
(T.N.), P. B. Mellor and W. Johnson, p. 64 (Jan.). 

Bending of Elastically Restrained Rectangular Plates Under 
Uniform Pressure (T.N.), C. Lakshmi Kantham, p. 834 
(Nov.). 


T-BENCH 
See Harrison, C. E. 


TAYLOR, SIR GEOFFREY INGRAM 
Mervyn O’Gorman—An Appreciation, p. 472 (July). 


TESTING 

See also Jet Deflection. 

Guided Flight Trials, R. W. M. Boswell. p. 408 (June). 

Tensile Strut Testing Machine (T.N.), H. Fessler, p. 528 
(July). Comment by A. H. Crawshaw and reply by H. 
Fessler, p. 833 (Nov.). 

Turbo-Prop Testing: Evolution of the T-Bench for Dart 
Overhaul Bases, C. E. Harrison, p. 735 (Oct.). 


THERMAL STRESSES 


See also Aeroelasticity, Kinetic Heating. 

Temperature Distributions in Aircraft Structures and the 
Influence of Mechanical and Physical Material Properties, 
K. L. C. Legg and G. Stevens, p. 174 (March). 


TRENCHARD MEMORIAL LECTURE—THE FIRST 
Lord Trenchard, Marshal of the Royal Air Force Sir 
Dermot Boyle, p. 249 (April). 
TREVASKIS, H. W. 
Recent Advances in the Design of Aircraft Tyres and 
Brakes, p. 203 (March), 
TURNER, B. T. 
Correspondence on Guided Flight Section, p. 529 (July). 


TYE, WALTER 
Comment on Safety and Large Aircraft (T.N.), A. H. Craw- 
shaw (Dec. 1957), p. 139 (Feb.). 
TYRES 


Recent Advances in the Design of Aircraft Tyres and 
Brakes, H. W. Trevaskis, p. 203 (March). 


VERDON-ROE, SIR ALLIOTT—AN APPRECIATION 


J. Laurence Pritchard. p. 231 and Lord Sempill, p. 237 
(April). 


VESSEY, H. F. 


Historical and General Introduction (Transonic Wind Tunne! 
Testing Techniques), p. | (Jan). 


VIBRATION 

Acceleration of a Single Degree of Freedom System Through 
its Resonant Frequency (T.N.), S. Hother-Lushington and 
D. C. Johnson, p. 752 (Oct.). 

Lowest Natural Frequency of an Axial Compressor Blade 
(T.N.), J. Dunham, p. 677 (Sept.). 

Note on One-Term Approximate Solutions for Non-Linear 
Vibration Problems (T.N.), S. Mahalingam, p. 450 (June), 

Note on the Calculation of Torsional Natural Frequencies 
of Branch Systems (T.N.), Arthur C. Gilbert, p. 599 (Aug), 


VON KARMAN, THEODORE 
Lanchester’s Contributions to the Theory of Flight and 
Operational Research—First Lanchester Memorial Lecture, 
p: 79 (Feb.). 
WALKER, P. B. 
Fatigue of a Nut and Bolt, p. 395 (June). 


WARD, JOHN R. and Y. Y. CHAN 
Rotary Stability Derivatives from Distorted Models (T.N), 
p. 307 (April). 
WARNER, EDWARD PEARSON--AN APPRECIATION 
T. P. Wright, p. 691 (Oct.). 


WARREN, C. H. E. and A. D. YOUNG 
The Definitions of Terms Relating to Various Flow Régimes 
of a Gas—Some Proposals. p. 801 (Nov.). 


WENHAM, FRANCIS HERBERT 1824-1908 AN APPRECIATION 
J. Laurence Pritchard, p. 571 (Aug.). 


WHITTLEY, D. C. 
Flight Development of the Avro CF-100 Mark 5 Aircraft, 
p. 118 (Feb.). 


WILBUR WRIGHT MEMORIAL LECTURE —FORTY-SIXTH 
Automatic Flight The British Story. G. W. H. Gardner, 
p. 476 (July). 


WIND TUNNELS 
Assessment of Results Obtained in Transonic Wind Tunnels, 
F, O’Hara, p. 21 (Jan.). 
Design and Operational Problems of the Electrically- 
Driven Transonic Wind Tunnel, R. Hills, p. 12 (Jan). 
Design and Operational Problems of the Transonic Jet- 
Driven Wind Tunnel, J. A. Kirk, p. 6 (Jan.). 
Note on the Temperature Transients in a Supersonic * Blow- 
Down” Wind Tunnel (T.N.), L. E. Leavy, p. 598 (Aug). 
Some Aspects of Transonic Tunnel Operation in Industry, 
F. E. Roe, p. 16 (Jan.). 
Some Factors Involved in the Supersonic Wind Tunnel 
Testing of Models, P. A. Champion, p. 893 (Dec.). 
Transonic Wind Tunnel Testing Techniques—Historical and 
General Introduction, H. F. Vessey, p. 1 (Jan.). 
WINGHAM, P. J. 
Comment on Rear-Engined Air Liners, A. W. J. Smith 
(April), p. 388 (May). 
WINTER, E. F. 
Flow Visualisation Techniques Applied to Combustion 
Problems, p. 268 (April). 
WOOMERA 
See Boswell, R. W. M. 


WRIGHT, T. P. 
Edward Pearson Warner --An Appreciation. p. 691 (Oct). 


YOUNG, A. D. and C. H. E. WARREN 
The Definitions of Terms Relating to Various Flow Reégimes 
of a Gas—-Some Proposals. p. 801 (Nov.). 
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APPOINTMENTS 


This section of THE JouRNAL is available for advertisements of appointments in the Industry, 
the Ministries, Research Establishments, Universities and Colleges. 


Press Day—20th of the month preceding publication. 
Rates—8/- a line. Each Paragraph is charged separately and name and address 
must be counted. Semi-displayed setting £4 Os. Od. per column inch. 


Box Nambers—1/- extra. Replies should be addressed to: Box 000, care of 
THE JouRNAL, Royal Aeronautical Society, 4 Hamilton Place, London, W.1. 


THE COLLEGE OF AERONAUTICS 


PPLICATIONS are invited for the appointment of SENIOR 

LECTURER IN MECHANICAL ENGINEERING 
applied to AERO PROPULSION SYSTEMS. The successful 
candidate will be required to lecture on: The overall and 
detail design of propulsion engines; engine stressing; vibration; 
gearing; and bearings. The duties will also include supervision 
of staff and student research in these fields and direction of 
student project studies. Candidates should have extensive 
aero-engine research and design experience, preferably indus- 
trial, with particular experience in one or more of the aspects 
referred to above. Suitable academic and professional quali- 
fications essential. Salary in scale £1,700 x £75 to £2,150 p.a.. 
depending on qualifications and experience, with superannuation 
under F.S.S.U., and family allowance. Applications giving full 
particulars and quoting the names of three referees, to the 
Recorder, The College of Aeronautics, Cranfield, Bletchley, 
Bucks. from whom further particulars may be obtained. 


ROYAL AIRCRAFT ESTABLISHMENT 
TECHNICAL COLLEGE 


Farnborough Hants 

Applications are invited for the following vacancies in the 
above College : 

Post |. Senior Lecturer in Aircraft Structures 
Post 2. Lecturer in Mechanical Engineering 
Post 3. Assistant Lecturer (B) in Engineering 

University Degree or equivalent, and preferably some 
industrial and/or teaching experience. 

Candidates for Post 1 should be capable of accepting 
responsibility for teaching the subject for final B.Se.(Eng.), 
Diploma in Technology, and A.F.R.Ae.S. The Dip. Tech. 
course includes the subject as one in) which students may 
specialise and do their research project. 

For Posts 2 and 3 ability to teach general Mechanical 
Engineering subjects to H.N.C. standard and possibly some Dip. 
Tech. work, required. Candidate for either post may be invited 
to act as O/C, College Experimental Flight ‘Testing Training 
with a special additional allowance. 

Facilities for further study and or research may be available. 
Duties to commence as soon as possible. 

Burnham Scale for Technical Colleges (subject to Teachers’ 
Superannuation Acts): Senior Lecturer £1350 £50—£1550; 
Lecturer £1200 x £30—--£1350; Grade B £650 « £25—-£1025. Com- 
mencing salary in accordance with experience. 

Application forms from Principal of College for return 
within 14 days. 


Remittances—Cheques and postal orders should be made payable to the Royal 
Aeronautical Society. 


The Society reserves the right to decline any copy or advertisement at its 


discretion and accepts no responsibility for delay in publication or for 
clerical or printer's errors, although every care is taken to avoid mistakes. 


The de Havilland Engine Company Limited 


invites applications from experienced 


PERFORMANCE ENGINEERS 


for interesting work on basic design and estimation of 
performance associated with Aero and Industrial Gas Turbines; 
Axial and Centrifugal Compressors; Turbo Supercharging, etc. 


Applicants should be of Degree or Higher National Certificate 

standard, but appropriate experience in the field of Air 

Compressors, Steam or Gas Turbine design will be regarded as 
of equal importance. 


Write in full, giving experience and particulars of qualifications, 
and quoting reference SC 793, to: 


The Personnel Officer 
THE DE HAVILLAND ENGINE COMPANY LIMITED 
Stag Lane Edgware Middlesex 


Blackburn 


offer 
interesting and progressive careers to 
Designers and Technicians in the 
Aircraft and Gas Turbine industries. 
If you are an A.F.R.Ae.S. or possess 
an equivalent qualification, 


please write to: The Technical Staff Manager 


BLACKBURN & GENERAL AIRCRAFT LIMITED 


BROUGH, EAST YORKSHIRE 
G106/a 


Guided Flight Section 


packing. 

] The first papers are:- 

1. Guided Weapons and Aircraft. Some Differences 

| in Design and Development, by J. E. Serby, C.B., 
C.B.E., B.A., F.R.Ae.S., Director-General of Guided 
Weapons, Ministry of Supply. March 1958. 

2. Guidance and Control, by L. H. Bedford, C.B.E., 
M.A., B.Sc., Chief Engineer, Guided Weapons 
Division, English Electric Co. Ltd. May 1958. 


FROM 4 HAMILTON 


Reprints of the lectures given before the Guided Flight Section of the Society and published in 
The Journal are obtainable from the offices of the Society at 7s. 6d. each, plus 6d. postage and 


3. Guided Flight Trials, by R. W. M. Boswell, O.B.E., 
M.Sc... Deputy Controller (Trials and Instrumenta- 
tion) Weapons Research Establishment, South 
Australia, June 1958. 


4. Problems in the Development of a Guided Weapon, 
by J. Clemow, M.A., Chief Engineer (Weapons), 
Vickers-Armstrongs (Aircraft) Ltd. Sept. 1958. 


PLACE, LONDON, 
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TRADE MARKS SECTION 


AIRCRAFT MATERIALS LTD. 


STRUCTURAL MATERIALS 
and COMPONENTS 


AUTOMOTIVE PRODUCTS CO. LTD. 


B.P. AVIATION SERVICE 


BRITISH THOMSON-HOUSTON CO. LTD 


EQUIPMENT 


ELE 


FOR AIRCRAFT 


DOWTY GROUP LTD 


UNDERCARRIAGES 
HYDRAULIC AND ELECTRICAL EQUIPMENT 
FUEL SYSTEMS FOR GAS TURBINES 
RUBBER SEALS 


ELECTRO-HYDRAULICS LTD. 


LIMITED 


LIVERPOOL ROAD, WARRINCTON 


BOULTON PAUL AIRCRAFT L1D. 


FIRTH-VICKERS STAINLESS STEELS LTD. 


STAINLESS STEEL 


THE BRITISH REFRASIL CO. LTD. 


LIGHTWEIGHT, HICH TEMPERATURE INSULATION 
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HUNTING AIRCRAFT LTD 
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